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GENERAL  INTRODUCTION 

The  infinite  variety  of  injuries  which  any  war  pre- 
sents to  the  surgeon  gives  to  military  surgery  a  special 
interest  and  importance.  The  special  interest  and 
importance,  in  a  surgical  sense,  of  the  great  Euro- 
pean War  lies  not  so  much  in  the  fact  that  examples 
of  every  form  of  gross  lesion  of  organs  and  limbs 
have  been  seen,  for  if  we  read  the  older  writers  we 
find  little  in  the  moderns  that  is  new  in  this  respect 
but  is  to  be  found  in  the  enormous  mass  of  clinical 
material  which  has  been  presented  to  us  and  in  the 
production  of  evidence  sufficient  to  eliminate  sources 
of  error  in  determining  important  conclusions.  For 
the  first  time  also  in  any  campaign  the  labours  of 
the  surgeon  and  the  physician  have  had  the  aid  of 
the  bacteriologist,  the  pathologist,  the  physiologist, 
and  indeed  of  every  form  of  scientific  assistance, 
in  the  solution  of  their  respective  problems.  The 
clinician  entered  upon  the  great  war  armed  with  all 
the  resources  which  the  advances  of  fifty  years  had 
made  available.  If  the  surgical  problems  of  modern 
war  can  be  said  not  to  differ  sensibly  from  the  cam- 
paigns of  the  past,  the  form  in  which  they  have  been 
presented  is  certainly  as  different  as  are  the  methods 
of  their  solution.  The  achievements  in  the  field 
of  discovery  of  the  chemist,  the  physicist  and  the 
biologist  have  given  the  military  surgeon  an  advan- 
tage in  diagnosis  and  treatment  which  was  denied 
to  his  predecessors,  and  we  are  able  to  measure  the 
effects  of  these  advantages  when  we  come  to  appraise 

I  the  results  which  have  been  attained. 
I    But  although  we  may  admit  the  general  truth  of 
jthese  statements,  it  would  be  wrong  to  assume  that 
inodern  scientific  knowledge  was,   on  the  outbreak 
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of  the  war,  immediately  useful  to  those  to  whom  the 
wounded  were  to  be  confided.  Fixed  principles 
existed  in  all  the  sciences  auxiliary  to  the  work  of 
the  surgeon,  but  our  scientific  resources  were  not 
immediately  available  at  the  outset  of  the  great 
campaign  ;  scientific  work  bearing  on  wound  prob- 
lems had  not  been  arranged  in  a  manner  adapted 
to  the  requirements — indeed,  the  requirements  were 
not  fully  foreseen  ;  the  workers  in  the  various  fields 
were  isolated,  or  isolated  themselves,  pursuing  new 
researches  rather  than  concentrating  their  powerful 
forces  upon  the  one  great  quest. 

However  brilliant  the  triumphs  of  surgery  may  be 
— and  that  they  have  been  of  surpassing  splendour  no 
one  will  be  found  to  deny — experiences  of  the  war 
have  already  produced  a  mass  of  facts  sufficient  to 
suggest  the  complete  remodelling  of  our  methods  of 
education  and  research. 

The  series  of  manuals,  which  it  is  my  pleasant  duty 
to  introduce  to  English  readers,  consists  of  transla- 
tions of  the  principal  volumes  of  the  "  Horizon  " 
Collection,  which  has  been  appropriately  named  after 
the  uniform  of  the  French  soldier. 

The  authors,  who  are  all  well-known  specialists  in 
the  subjects  which  they  represent,  have  given  a  concise 
but  eminently  readable  account  of  the  recent  ac- 
quisitions to  the  medicine  and  surgery  of  war  which 
had  hitherto  been  disseminated  in  periodical  literature. 

No  higher  praise  can  be  given  to  the  Editors  than 
to  say  that  the  clearness  of  exposition  characteristic 
of  the  French  original  has  not  been  lost  in  the  render- 
ing into  English. 

MEDICAL  SERIES 

The  medical  volumes  which  have  been  translated 
for  this  series  may  be  divided  into  two  main  groups, 
the  first  dealing  with  certain  epidemic  diseases,  in- 
cluding syphilis,  which  are  most  liable  to  attack 
soldiers,  and  the  second  with  various  aspects  of  the 
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neurology  of  war.  The  last  word  on  Typhoid  Fever, 
hitherto  "  the  greatest  scourge  of  armies  in  time  of 
war,"  as  it  has  been  truly  called,  will  be  found  in 
the  monograph  by  MM.  Vincent  and  Muratet,  which 
contains  a  full  account  of  recent  progress  in  bacteri- 
ology and  epidemiology  as  well  as  the  clinical  features 
of  typhoid  and  paratyphoid  fevers.  The  writers 
combat  a  belief  in  the  comparatively  harmless  nature 
of  paratyphoid  and  state  that  in  the  present  war 
haemorrhage  and  perforation  have  been  as  frequent 
in  paratyphoid,  as  in  typhoid  fever.  In  their  chapter 
on  diagnosis  they  show  that  the  serum  test  is  of  no 
value  in  the  case  of  those  who  have  undergone  anti- 
typhoid or  anti-paratyphoid  vaccination,  and  that 
precise  information  can  be  gained  by  blood  cultures 
only.  The  relative  advantages  of  a  restricted  and 
liberal  diet  are  discussed  in  the  chapter  on  treatment, 
which  also  contains  a  description  of  serum-therapy 
and  vaccine-therapy  and  the  general  management 
of  the  patient. 

Considerable  space  is  devoted  to  the  important 
question  of  the  carrier  of  infection.  A  special  chapter 
is  devoted  to  the  prophylaxis  of  typhoid  fever  in  the 
army.  The  work  concludes  with  a  chapter  on  pre- 
ventive inoculation,  in  which  its  value  is  conclusively 
proved  by  the  statistics  of  aU  countries  in  which  it 
has  been  employed. 

MM.  Vincent  and  Muratet  have  also  contributed 
to  the  series  a  work  on  Dysentery,  Cholera  and 
Typhus  which  will  be  of  special  interest  to  those 
whose  duties  take  them  to  the  Eastern  Mediterranean 
or  Mesopotamia.  The  carrier  problem  in  relation 
to  dysentery  and  cholera  is  fully  discussed,  and 
special  stress  is  laid  on  the  epidemiological  import- 
ance of  mild  or  abortive  cases  of  these  two  diseases. 

In  their  monograph  on  The  Abnormal  Forms  of 
Tetanus,  MM.  Courtois-Suffit  and  Giroux  treat  of 
those  varieties  of  the  disease  in  which  the  spasm  is 
confined  to  a  limited  group  of  muscles,  e.g.  those  of 
the  head,  or  one  or  more  limbs,  or  of  the  abdomino- 
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thoracic  muscles.  The  constitutional  symptoms  are 
less  severe  than  in  the  generalized  form  of  the  disease, 
and  the  prognosis  is  more  favourable. 

The  volume  by  Dr  G.  Thibierge  on  Syphilis  in  the 
Army  is  intended  as  a  vade  mecum  for  medical  officers 
in  the  army. 

Turning  now  to  the  works  of  neurological  interest, 
we  have  two  volumes  dealing  with  lesions  of  the  peri- 
pheral nerves  by  Mme.  Athanassio-Benisty,  who  has 
been  for  several  years  assistant  to  Professor  Pierre 
Marie  at  La  Salpetri^re.  The  first  volume  contains 
an  account  of  the  anatomy  and  physiology  of  the 
peripheral  nerves,  together  with  the  symptomatology 
of  their  lesions.  The  second  volume  is  devoted 
to  the  prognosis  and  treatment  of  nerve  lesions. 

The  monograph  of  MM.  Babinski  and  Froment  on 
Hysteria  or  Pithiatism  and  Nervous  Disorders  of  a 
Reflex  Character  next  claims  attention.  In  the  first 
part  the  old  conception  of  hysteria,  especially  as  it 
was  built  up  by  Charcot,  is  set  forth,  and  is  followed 
by  a  description  of  the  modern  conception  of  hysteria 
due  to  Babinski,  who  has  suggested  the  substitution 
of  the  term  "  Pithiatism,"  i.e.  a  state  curable  by 
persuasion,  for  the  old  name  hysteria.  The  second 
part  deals  with  nervous  disorders  of  a  reflex  char- 
acter, consisting  of  contractures  or  paralysis  follow- 
ing traumatism,  which  are  frequently  found  in  the 
neurology  of  war,  and  a  variety  of  minor  symptoms, 
such  as  muscular  atrophy,  exaggeration  of  the 
tendon  reflexes,  vasomotor,  thermal  and  secretory 
changes,  etc.  An  important  section  discusses  the 
future  of  such  men,  especially  as  regards  their  dis- 
posal by  medical  boards. 

An  instructive  companion  volume  to  the  above  is 
to  be  found  in  the  monograph  of  MM.  Roussy  and 
Lhermitte,  which  embodies  a  description  of  the 
psychoneuroses  met  with  in  war,  starting  with  ele- 
mentary motor  disorders  and  concluding  with  the 
most  complex  represented  by  pure  psychoses. 
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SURGICAL  SERIES 

When  the  present  war  began,  surgeons,  under  the 
influence  of  the  immortal  work  of  Lister,   had  for 
more  than  a  quarter  of  a  century  concerned  them- 
selves almost  exclusively  with  elaborations  of  tech- 
nique designed  to  shorten  the  time  occupied  in  or  to 
improve  the  results  obtained  by  the  many  complex 
operations  that  the  genius  of  Lister  had  rendered 
possible.     The   good   behaviour   of  the   wound   was 
taken  for  granted  whenever  it  was  made,  as  it  nearly 
always  was,  through  unbroken  skin,    and  hence  the 
study  of  the  treatment  of  wounds  had  become  largely 
restricted  to  the  study  of  the  aseptic  variety.     Septic 
rounds  were  rarely  seen,  and  antiseptic  surgery  had 
>een  almost  forgotten.     Very  few  of  those  who  were 
jailed  upon  to  treat  the  wounded  in  the  early  autumn 
)f  1914  were  familiar  with  the  treatment  of  grossly 
septic  compound  fractures  and  wounded  joints,  and 
lone  had  any  wide  experience.     To  these  men  the 
conditions  of  the  wounds  came  as  a  sinister  and  dis- 
leartening    revelation.     They    were    suddenly    eon- 
[•onted  with  a  state  of  affairs,  as  far  as  the  physical 
conditions  in  the  wounds  were  concerned,  for  which 
It  was  necessary  to  go  back  a  hundred  years  or  niore 
to  find  a  parallel. 

Hence  the   early  period   of  the  war  was  one   of 

earnest  search  after  the  correct  principles  that  should 

)e  applied  to  the  removal  of  the  unusual  difficulties 

^ith  which  surgeons  and  physicians  were  faced.     It 

'as  necessary  to  discover  where  and  why  the  treat- 

lent   that   sufficed   for   affections   among   the   civil 

)opulation  failed  when  it  was  applied  to  military 

casualties,  and  then  to  originate  adequate  measures 

for  the  relief  of  the  latter.     For  many  reasons  this 

was  a  slow  and  laborious  process,   in  spite  of  the 

multitude  of  workers   and  the   wealth   of  scientific 

resources  at  their  disposal.     The  ruthlessness  of  war 

must  necessarily  hamper  the  work  of  the  medical 

scientist  in  almost  every  direction  except  in  that  of 
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providing  him  with  an  abundance  of  material  upon 
which  to  work.  It  Hmits  the  opportunity  for  de- 
Hberate  critical  observation  and  comparison  that  is 
so  (essential  to  the  formation  of  an  accurate  estima- 
tion of  values  ;  it  often  compels  work  to  be  done 
under  such  high  pressure  and  such  unfavourable 
conditions  that  it  becomes  of  little  value  for  educa- 
tive purposes.  In  all  the  armies,  and  on  all  the 
fronts,  the  pressure  caused  by  the  unprecedented 
number  of  casualties  has  necessitated  rapid  evacua- 
tion from  the  front  along  lines  of  communication, 
often  of  enormous  length,  and  this  means  the  transfer 
of  cases  through  many  hands,  with  its  consequent 
division  of  responsibility,  loss  of  continuity  of  treat- 
ment, and  absence  of  prolonged  observation  by  any 
one  individual. 

In  addition  to  all  this,  it  must  be  remembered  that 
in  this  war  the  early  conditions  at  the  front  were  so 
uncertain  that  it  was  impossible  to  establish  there 
the  completely  equipped  scientific  institutions  for 
the  treatment  of  the  wounded  that  are  now  available 
under  more  assured  circumstances,  and  that  progress 
was  thereby  much  hampered  until  definitive  treat- 
ment could  be  undertaken  at  the  early  stage  that  is 
now  possible. 

But  order  has  been  steadily  evolved  out  of  chaos, 
and  many  things  are  now  being  done  at  the  front 
that  would  have  been  deemed  impossible  not  many 
months  ago.  As  general  principles  of  treatment 
are  established  it  is  found  practicable  to  give  effect 
to  them  to  their  full  logical  extent,  and  though  there 
are  still  many  obscure  points  to  be  elucidated  and 
many  methods  in  use  that  still  call  for  improvements, 
it  is  now  safe  to  say  that  the  position  of  the  art  of 
military  medicine  and  surgery  stands  upon  a  sound 
foundation,  and  that  its  future  may  be  regarded 
with  confidence  and  sanguine  expectation. 

The  views  of  great  authorities  who  derive  their 
knowledge  from  extensive  first-hand  practical  ex- 
perience gained  in  the  field  cannot  fail  to  serve  as  a 
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most  valuable  asset  to  the  less  experienced,  and  must 
do  much  to  enable  them  to  derive  the  utmost  value 
from  the  experience  which  will,  in  time,  be  theirs. 
The  series  covers  the  whole  field  of  war  surgery  and 
medicine,  and  its  predominating  note  is  the '  ex- 
haustive, practical  and  up-to-date  manner  in  which 
it  is  handled.  It  is  marked  throughout  not  only 
by  a  wealth  of  detail,  but  by  clearness  of  view  and 
logical  sequence  of  thought.  Its  study  will  convince 
the  reader  that,  great  as  have  been  the  advances 
in  all  departments  in  the  services  during  this  war,  the 
progress  made  in  the  medical  branch  may  fairly 
challenge  comparison  with  that  in  any  other,  and 
that  not  the  least  among  the  services  rendered  by 
our  great  ally,  France,  to  the  common  cause  is  this 
brilliant  contribution  to  our  professional  knowledge. 

A  glance  at  the  list  of  surgical  works  in  the  series 
will  show  how  completely  the  ground  has  been 
covered.  Appropriately  enough,  the  series  opens 
with  the  volume  on  The  Treatment  of  Infected  Wounds, 
by  A.  Carrel  and  G.  Dehelly.  This  is  a  direct  pro- 
duct of  the  war  which,  in  the  opinion  of  many,  bids 
fair  to  become  epoch-making  in  the  treatment  of 
septic  wounds.  It  is  peculiar  to  the  war  and  derived 
directly  from  it,  and  the  work  upon  which  it  is  based 
is  as  fine  an  example  of  correlated  work  on  the  part 
of  the  chemist,  the  bacteriologist  and  the  clinician 
as  could  well  be  wished  for.  This  volume  will  show 
many  for  the  first  time  what  a  precise  and  scientific 
method  the  "  Carrel  treatment  "  really  is. 

The  two  volumes  by  Professor  Leriche  on  Fractures 
contain  the  practical  application  of  the  views  of  the 
great  Lyons  school  of  surgeons  with  regard  to  the 
treatment  of  injuries  of  bones  and  joints.  Sup- 
ported as  they  are  by  an  appeal  to  an  abundant 
clinical  experience,  they  cannot  fail  to  interest 
English  surgeons,  and  to  prove  of  the  greatest  value. 
It  is  only  necessary  to  say  the  Wounds  of  the 
Abdomen  are  dealt  with  by  Dr  Abadie,  Wounds  of 
the  Vessels  by  Professor  Sencert,  Wounds  of  the  Skull 
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and  Brain  by  MM.  Chatelin  and  De  Martel,  and 
Localisation  and  Extraction  of  Projectiles  by  Pro- 
fessor Ombredanne  and  R.  Ledoux-Lebard,  to  prove 
that  the  subjects  have  been  allotted  to  very  able 
and  experienced  exponents. 

ALFRED  KEOGII. 


PREFACE    BY    ENGLISH    EDITOR 

In  no  department  of  medical  science  has  more  valuable 
work  been  performed  by  our  French  colleagues  since 
the  commencement  of  the  War  than  in  the  study  of 
nerve  injuries.  The  establishment  of  neurological 
centres  throughout  France  has  resulted  in  the  addition 
of  a  number  of  interesting  contributions  to  this 
subject,  which  testify  to  the  zeal  and  industry  shown 
by  our  allies  in  this  as  in  other  fields  of  activity. 

Madame  Athanassio-Benisty,  who  has  been  assisting 
Professor  Pierre  Marie  for  several  years,  has  incorpor- 
ated all  recent  acquisitions  to  our  knowledge  of  nerve 
lesions,  including  several  important  contributions  of 
her  own,  in  the  two  volumes  which  are  here  presented 
to  English  readers.  They  form  a  comprehensive 
treatise  on  the  subject,  and  should  be  of  service  not 
only  to  the  neurologist,  but  to  the  medical  practitioner 
who  has  had  no  special  training  in  the  study  of 
nervous  diseases. 

The  value  of  this  work  has  been  much  enhanced 
by  the  generous  provision  of  new  illustrations  and 
diagrams  ;  and  special  attention  may  be  drawn  to 
the  author's  study  of  the  vascular  and  vasomotor 
phenomena  complicating  the  results  of  traumata 
inflicted  on  peripheral  nerves,  and  to  the  detailed 
examination  of  nerve  trunks  in  regard  to  the  position 
of  the  various  bundles  of  nerve  fibres  contained  in 
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them.  How  far  the  surgeon  will  be  able  to  adapt 
this  additional  knowledge  to  his  purpose  remains  to 
be  seen,  and  it  is  still  too  early,  in  spite  of  the  long 
duration  of  the  War,  to  compile  any  final  statistics 
on  the  results  of  nerve  suturing. 

E.  FARQUHAR   BUZZARD. 


PREFACE 

OR  all  engaged  in  the  practice  of  medicine  or  surgery- 
he  War  has  provided  an  inexhaustible  fund  of  experi- 
nce  on  which  to  draw  for  instruction  in  every  direction, 
nd  neurologists,  in  particular,  must  admit  that  they 
ave  had  unusual  opportunities  of  filhng  many  gaps 

their  knowledge  of  their  special  subject. 

It  is  quite  true  that,  taking  one  year  with  another, 

veryone  had  seen  occasional  cases  of  paralysis  due 

lesions  of  the  spinal  roots  or  of  such  peripheral 

erves    as    the    musculo-spiral,    ulnar,    and    sciatic. 

uch  cases,   however,   were  isolated  and  difficult  to 

llate  or  compare,  and  in  the  study  and  treatment 
f  disease  the  comparison   of  cases  constitutes  the 

ndamental  principle  of  progress. 

Unfortunately,  the  tragedy  of  the  War  has  made 
ood  this  deficiency  in  no  niggardly  fashion. 

Confronted  by  a  plethora  of  new  data,  neurologists 
ave  set  to  work  to  study  them  with  characteristic 

partiality  and  thoroughness,  with  the  result  that 

umerous  works  have  appeared  calHng  attention  to 

this  or  that   symptom  or   syndrome  and  discussing 

the  localisation,  the  clinical  pictures,  the  cause  and 

evolution  of  the  different  forms  of  peripheral  palsy. 

I  In  short,  the  outcome  of  these  writings  has  been  an 
ntirely  new  neuropathology  of  War,  and  it  became 
lecessary  to  collect  and  co-ordinate  the  scattered 
i 
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material,  and  to  pass  it  through  the  sieve  of  analyti- 
cal criticism  tempered  by  wide  experience.  Mme. 
Athanassio-Benisty,  admirably  equipped  by  her  pre- 
vious studies,  undertook  and  has  briUiantly  carried 
out  this  task. 

For  several  years  Mme.  Athanassio-Benisty  has 
worked  with  me  at  the  Salpetriere,  where  neurology 
has  been  her  particular  study,  and  for  two  years  she 
acted  as  my  house-physician.  I  have  much  pleasure 
in  bearing  testimony  here  to  the  unwearying  energy 
she  invariably  displayed  and  to  the  invaluable  assist- 
ance she  rendered  me  in  that  capacity. 

Thanks  to  thorough  and  repeated  examinations 
of  her  patients  and  aided  by  a  very  keen  clinical 
instinct,  Mme.  Athanassio-Benisty  has  evolved  some 
new  ideas,  the  importance  of  which  cannot  be  denied. 
We  owe  to  her  the  recognition  of  the  clinical  indivi- 
duality of  the  different  nerves  of  the  limbs,  the  study 
of  the  various  painful  types  in  the  lesions  of  these 
nerves,  and  the  reahsation  of  the  importance  of  the 
association  of  vascular  with  nervous  lesions.  Recently, 
too,  she  helped  to  demonstrate  the  part  played  by  the 
sympathetic  system  in  the  symptoms  observed  after 
injuries  to  the  limbs. 

As  the  result  of  her  investigations,  Mme.  Athanassio- 
Benisty's  book  contains  many  original  and  personaL 
observations. 

I  cannot  be  too  grateful  to  my  friend,  Dr  Henry' 
Meige,   for  his  constant  and   devoted  collaboration, 
and  the  present  work  owes   much   of    its   scientific 
and  material  value  to  his  assistance. 

Our  object  in  pubhshing  this  volume  is  essentially 
practical :  to  enable  practitioners,  unfamihar  with 
methods  of  examining  the  nervous  system,  to  diagnose 
a  lesion  of   any  particular  nerve,  to   appreciate  its 
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consequences  and  to  determine  its  clinical  charac- 
teristics. At  the  same  time  it  wiU  serve  to  make 
known  the  results  of  our  own  clinical  experience  and 
to  compare  them  with  those  of  our  neurological 
colleagues. 

A  second  volume  will  be  devoted  to  the  lesions 
}hemselves,  their  seat,  nature,  gravity,  and  the  different 
lethods  of  treatment  used  in  deahng  with  them. 
In  order  to  make  the  book  easy  of  consultation 
►y  those  hitherto  unaccustomed  to  neurological 
examinations,  it  was  necessary  to  insert  a  number  of 
[figures  and  plates  illustrating  the  necessary  anatomical 
lata  and  the  most  striking  chnical  pictures,  and 
Masson,  the  pubUsher,  has  fully  realised  and 
culfilled  this  requirement.  In  every  respect,  there- 
fore, this  book  maintains  the  high  standard  of  French 
leurological  publications. 

PIERKE  MARIE. 


INTRODUCTION 

Two  years  of  observation  and  uninterrupted  research 
in  the  neurological  departments  devoted  to  wounded 
soldiers  suffering  from  nerve  injuries  have  demon- 
strated that  anatomical  and  physiological  ideas  cur- 
rent before  the  War  were  inadequate  to  explain  all 
the  chnical  features  of  traumatic  neuro-pathology. 

The  neurologist  was  not  only  faced  by  the  difficult 
problems  of  diagnosis,  prognosis,  and  treatment  of 
the  nervous  lesions,  but  he  was  confronted  by  unfore- 
seen symptoms  the  characteristics  of  which  required 
analysis  and  interpretation. 

Chnical  neurology  has  thus  been  enriched  by  a 
number  of  new  theories  the  collection  and  description 
of  which  is  of  immediate  importance  in  the  interest 
of  the  wounded.  It  is  with  this  object  in  view  that 
the  present  work  has  been  written,  and  two  volumes 
have  been  devoted  to  the  subject. 

The  first  volume  deals  with  (1)  the  methods  of 
examination  which  should  be  adopted  by  the  physician 
or  surgeon  in  order  to  arrive  at  the  diagnosis  of  a 
nervous  lesion ;  (2)  the  clinical  symptoms  produced 
by  lesions  of  the  chief  peripheral  nerves  in  order 
of  frequency  ;  and  (3)  the  vascular  disturbances 
associated  with  lesions  of  the  peripheral  nerves. 
Reference  will  also  be  made  to  other  spinal  nerves 
which  are  less  frequently  affected,  and  finally  to  the 


XX       CLINICAL  FORMS  OF   NERVE  LESIONS 

cranial  nerves.  Opportunities  will  thus  be  afforded 
for  demonstrating  the  part  played  by  lesions  of  the 
sympathetic  system  in  the  evolution  of  vaso-motor, 
thermal,  and  painful  phenomena. 

A  second  volume,  entitled  Treatment  and  Repair 
of  Nerve  Lesions,  will  include  the  study  of  the  anatomi- 
cal and  histological  changes,  the  symptoms  of  severe 
lesions,  especially  those  involving  the  entire  section 
of  a  nerve,  and  the  signs  of  motor,  sensory,  and  electri- 
cal restoration  of  function.  Attention  will  be  drawn 
to  methods  of  intratruncal  localisation,  to  articular 
disturbances  following  nervous  lesions,  to  contractures 
and  remote  forms  of  paralysis  as  well  as  to  certain 
peculiar  impotent  deformities,  the  most  common 
example  of  which  is  the  "  congealed  hand." 

Finally,  every  method  of  treatment  actually  in  use 
will  be  described  :  methods  of  surgical  intervention, 
physico-therapeutics,  and  the  use  of  mechanical 
appUances. 
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CHAPTEK   I 

METHOD   OF  EXAMINATION 

OR  the  examination  of  lesions  of  the  peripheral 
lerves  rapidity  must  be  combined  with  a  thorough- 
less  which  will  obviate  any  fear  of  overlooking  signs 
lelpful  to  an  accurate  diagnosis. 

I.  Previous  History 

The  previous  history  should  be  inquired  into  for 
;he  following  particulars  : — 

A.  Details  of  the  Injury. — Date  of  wound.  Nature 
>f  projectile.  Locahsation  of  the  different  wounds 
fif  any). 

Posture  of  the  'patient  when  he  was  wounded.  The 
►osture  may  account  for  some  nerves,  ligaments,  and 
vessels  being  aft'ected  which,  on  first  inspection,  ap- 
peared to  be  outside  the  course  of  the  projectile. 

Sensations  felt  by  the  wounded  at  the  time  of  injury  : 
pain,  numbness,  stabbing,  electric  current.  The 
locality  and  radiation  of  such  sensations. 

B.  Immediate  Results. — Was  there  loss  of  conscious- 
^,ess  or  collapse  ?  Was  there  any  other  traumatism 
issociated  mth  the  injury,  due  to  contusion  or  falls  ? 
>n  what  part  of  the  body  were  these  secondary 
)lows  inflicted  ? 
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Involuntary  movements  made  by  the  injured  limb 
immediately  after  penetration  of  the  projectile.  Spas- 
modic contractions  of  certain  muscles,  tremors,  etc. 

Was  the  paralysis  immediate  or  progressive  ?  If  the 
latter,  how  long  after  injury  did  the  first  symptoms 
appear  ? 

Did  the  patient  lose  much  blood  immediately  ?  Was 
a  tourniquet  applied,  or  too  tight  a  dressing,  and 
for  how  long  ?  What  was  the  condition  of  the 
limb,  and  particularly  of  the  hand  or  foot,  after  this 
constriction  (discoloration,  oedema,  lowering  of  local 
temperature,  etc.)  ? 

Was  an  operation  undertaken  immediately  ?  On 
which  tissues  ?  Were  foreign  bodies  or  bony  frag- 
ments extracted  ?  Was  an  artery  ligatured  ?  Or  a 
nerve  sutured  or  freed,  etc.  ?  Was  the  lung  injured 
(haemoptysis,  subcutaneous  pulmonary  emphysema)  ? 

Was  antitetanic  serum  injected  ? 

Was  there  secondary  haemorrhage  within  a  few  hours 
or  days  of  the  injury  ? 

Was  there  a  fracture  ?  What  was  the  position  of 
the  Umb  after  injury,  and  what  apphances  were  used 
(slings,  plasters,  splints,  etc.)  ? 

C.  Subsequent  History.  —  Secondary  hcemorrhage. 
Suppuration.  Serious  infection  (gas  gangrene,  tetanus, 
etc.).  Necessary  surgical  intervention  on  bones  and 
nerves.  Duration  of  suppuration.  Duration  of  con- 
solidation of  the  fracture  (if  any). 

Evolution  of  motor  disturbances. — Has  the  paralysis 
retroceded,  increased,  or  remained  stationary  ? 

Evolution  of  sensory  disturbances : — 

Subjective  disturbances. — Pain,  parsesthesia,  burn- 
ing sensations  :  date  of  their  appearance, 
increase  or  diminution,  their  radiation  and 
changes  in  character. 

Objective  disturbances.  —  Anaesthesia,  hyp-  and 
hypersesthesia. 

Evolution  of  trophic,  vasomotor,  and  secretory  dis- 
turbances.— Progress  of  muscular  atrophy  :   diminution 
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or  increase  of  vasomotor  phenomena  (colour  of  the 
skin,  temperature  of  the  limb).  Secretory  troubles 
(perspiration).  Appearance  of  sloughs  and  ulcera- 
tion. Alterations  in  the  appearance  and  growth  of 
the  nails  and  hair.     Condition  of  the  skin. 

Evolution  of  articular  disturbances.  —  Increase  or 
diminution  of  ankylosis,  and  their  causes. 

Methods  of  treatment  for  paralysis  or  impotence  of 
the  limb,  with  results.  Has  the  patient  used  crutches 
or  sticks  ? 

The  results  of  skiagraphy  (foreign  bodies,  callus 
formation,  etc.). 

II.  Examination  op  the  Patient 

The  appearance  alone  of  an  injured  limb  (dropped 
wrist,  clawing  of  the  fingers,  deformities)  will  indicate 
to  the  experienced  observer  to  which  muscles  he 
should  turn  his  attention,  and  the  investigations  he 
should  make  ;  but  a  systematic  and  thorough  examina- 
tion is  indispensable  to  obviate  surprises  and  mistakes. 
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ARTICULATIONS 

In  order  to  form  a  correct  estimate  of  the  extent  of 
he  motor  disturbances  before  investigating  the  so- 
called  nerve  lesions,  the  mobility  and  range  of  move- 
ent  of  the  joints  should  be  examined  by  comparing 
hem  with  those  of  the  sound  side. 

A.  Upper  Limb :  Shoulder.  —  Tell  the  patient  to 
raise  his  injured  arm  and  to  put  his  hand  on  his  head. 
Carefully  watch  and  palpate  the  scapula  during  this 
movement,  and  observe  how  soon  it  becomes  dis- 
placed. Note  the  height  to  which  the  arm  can  be 
raised.  Test  the  internal  and  external  rotation  of  the 
humerus,  and  ask  the  patient  to  put  the  affected  arm 
behind  his  back  with  the  hand  on  the  opposite  buttock  : 
then  to  cross  his  arms,  putting  each  hand  on  the 
opposite  shoulder. 

Elbow. — The  range  of  extension  and  flexion  should 
be  noted.     The  movements  of  pronation  and  supina- 
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tion  should  be  tested  by  the  observer  holding  the 
patient's  elbow  firmly  in  his  left  hand,  and  with  his 
right  turning  the  wrist  backward  and  forward. 

Wrist. — The  range  of  extension,  flexion,  and  of 
lateral  movements  (abduction  and  adduction)  should 
be  ascertained. 

Fingers. — The  amount  of  abduction  and  adduction 
of  the  thumb  and  fingers  should  be  tested.  The 
articulations  of  the  phalanges  should  be  most  minutely 
examined  and  compared  with  those  of  the  sound 
hand. 

B.  Lower  Limb:  Hip. — The  movements  of  flexion, 
extension,  adduction,  abduction,  and  rotation  should 
be  examined,  and  it  should  be  ascertained  whether 
the  two  iliac  spines  are  on  the  same  horizontal  level 
and  whether  a  lumbar  curvature  or  a  scoliotic  de- 
formity of  the  vertebral  column  is  present. 

Knee. — The  range  of  extension  and  flexion  should 
be  tested. 

Ankle. — Extension,  flexion,  abduction,  and  adduc- 
tion should  be  investigated. 

CICATRICES  AND   CALLOSITIES 

Attention  will  be  directed  at  once  to  cicatrices  : 
scars  of  entry  and  of  exit,  or  of  operations  for  the 
extraction  of  foreign  bodies  (these  should  be  accurately 
entered  on  a  diagram),  scars  left  by  incision  into  areas 
of  inflammation,  or  by  other  surgical  operations  on 
bones,  arteries,  or  nerves. 

Note  the  adherence  of  scars  to  deeper  tissues,  the 
induration  of  surrounding  parts  and  their  condition 
whilst  active  or  passive  movements  are  being  made 
(retraction,  depression,  etc.). 

Ascertain,  if  possible,  their  depth  in  relation  to 
muscles,  and  pay  special  attention  to  cicatrices  in- 
volving tendons. 

In  cases  of  fracture,  the  density,  bulk,  and  possible 
pressure  of  callus  on  nerve-trunks  or  vessels,  should 
be  investigated  by  palpation. 
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MOTOR  FUNCTION 

Each  case  requires  a  special  examination,  which 
will  be  described  in  the  chapters  deahng  with  the 
different  nerve  lesions. 

But  it  is  important  in  every  case,  whatever  the 
level  of  the  injury,  to  examine  the  whole  of  the 
affected  limb  from  its  origin  to  its  extremity,  noting 
the  movements  which  appear  weak,  imperfect,  or 
impossible.  A  mere  superficial  examination  would 
fail  to  recognise  important  disturbances  of  motion. 

When  a  nerve  lesion  is  suspected,  and  when  the 
course  of  the  missile,  the  appearance  of  the  limb, 
and  the  loss  of  power  complained  of  by  the  patient 
indicate  its  site,  each  of  the  muscles  suppUed  by  the 
nerve  under  suspicion  should  be  examined. 

In  making  this  examination  test  the  passive  and 
active  movements  at  each  joint,  and  compare  the 
action  and  play  of  the  muscles  involved  with  those 
of  their  opponents. 

Since  Duchenne,  of  Boulogne,  pointed  it  out,  the 
importance  of  the  part  played  by  the  antagonists 
in  the  normal  function  of  a  muscle,  in  relation  to  its 
energy  and  effectiveness,  has  been  generally  recog- 
nised. The  tension  of  the  aponeuroses  covering  the 
limb  when  a  movement  is  being  made  should  be  taken 
into  consideration. 

In  testing  the  contraction  of  a  muscle,  both  the 
muscle  itself  and  its  tendon  should  be  palpated, 
especially  if  it  has  been  subjected  to  direct  injury 
or  to  induration  resulting  from  suppuration,  of  long 
standing,  in  the  neighbouring  tissues.  Electrical 
examination,  to  be  described  later,  will  frequently 
be  of  service  in  ascertaining  whether  the  muscle  itself, 
the  tendon,  or  the  motor  nerve  has  been  injured. 

MUSCULAR  ATROPHY 

When  testing  the  activity  of  a  muscle  it  is  most 
important  to  estimate,  if  necessary  by  measurements, 
the  amount  of  atrophy   present.     This  information 
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is  valuable  in  diagnosing  the  gravity  of  the  nervous 
lesion. 

SENSORY  FUNCTION 

Objective  Disturbances. — Cutaneous  or  superficial 
sensibiKty  and  deep  sensibility  should  each  be  studied 
in  turn. 

A.  Superficial  Sensibility  includes  : 

1.  Sensibility  to  touch. 

2.  Sensibility  to  pain. 

3.  Sensibility  to  heat  and  cold. 

1.  Examination  for  tactile  sensibihty  should  be 
made  with  very  light  stimulants  so  as  to  avoid  arousing 
deep  sensations  ;  for  this  purpose  a  wisp  of  cotton- 
wool or  a  small,  soft  camel-hair  brush  is  suitable. 

The  segment  of  limb  under  examination  should  be 
supported  on  a  horizontal  plane  and  not  held  by  the 
examiner,  and  the  patient  should  be  instructed  to 
relax  his  muscles  as  much  as  possible.  He  should 
be  blindfolded  and  asked  to  say  *'  Yes  "  whenever 
he  feels  contact. 

The  area  of  anaesthesia,  where  the  touch  is  not  felt 
at  all,  should  be  defined  with  a  dermographic  pencil, 
and  then  the  area  of  hypaesthesia,  where  tactile  sensi- 
bihty is  only  diminished  or  retarded,  should  be  mapped 
out  in  a  similar  manner. 

To  avoid  possible  error  and  to  test  the  patient's 
attention,  the  examiner  from  time  to  time  should 
cease  making  contacts  and  see  if  he  still  answers  in 
the  affirmative,  or  else  ask  the  patient  to  indicate 
the  spot  where  he  has  been  touched. 

The  examination  of  sensory  disturbances  should 
be  repeated  on  several  occasions,  as  the  subject's 
attention  always  tires  appreciably  after  a  time, 
which  varies  with  the  individual  and  his  condition 
of  health. 

It  is  better  to  work  from  those  parts  supposed  to 
be  sound  to  the  areas  in  which  tactile  sensibility  is 
diminished. 
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Having  determined  the  existence  and  limits  of 
anaesthesia  and  hypaesthesia,  errors  of  locaHsation  in 
the  latter  region  should  be  checked  by  requiring  the 
patient  to  indicate  the  spots  where  he  is  touched. 
It  is  in  the  region  of  hypaesthesia  that  errors  in 
tactile  discrimination  can  also  be  detected.  For  this 
purpose  a  pair  of  compasses  with  blunt  points  should 
be  used. 

After  separating  the  points  of  the  compass  to  the 
desired  extent,  contact  with  the  skin  should  be  made 
irregularly,  first  with  one  point,  then  with  both,  and 
the  patient  should  respond  "One"  or  "Two"  which- 
ever he  feels. 

This  power  of  feeling  two  touches  made  simul- 
taneously is  usually  found  to  be  diminished  in  nearly 
the  whole  of  the  region  of  tactile  hypaesthesia,  the 
patient  only  recognising  the  double  touch  when  the 
points  of  the  compasses  are  wide  apart. 

2.  Sensibility  to  pain  should  be  tested  with  a  pin. 
As  in  the  case  of  tactile  sensibihty,  an  area  of  pain- 
ful anaesthesia,  or  analgesia,  as  extensive  as  that  of 
tactile  anaesthesia  will  be  found  always  surrounded 
by  a  zone,  varying  in  extent,  of  painful  hypaesthesia, 
where  the  pin-prick  is  felt  as  a  touch,  as  a  dull,  diffused 
pain,  or  only  appreciated  after  an  interval  of  delay. 
In  other  cases,  again,  there  is  neither  analgesia  nor 
hypalgesia,  but  hyperalgesia,  which  may  coincide 
with  diminution  or  absence  of  superficial  tactile 
sensibihty.^ 

3.  Sensibility  to  heat  and  cold  can  be  adequately 
tested  by  using  ordinary  test-tubes,  of  a  diameter 
of  at  least  a  centimetre,  filled  with  hot  or  cold  water 
and  containing  a  thermometer.  Metal  tubes,  being 
better  conductors  of  heat,  are  preferable.     The  hot 

^  Painful  sensibility  can  also  be  tested  by  faradisation,  using  as  the 
active  electrode  a  Duchenne's  brush  attached  to  the  negative  pole  of 
the  battery.  M.  E,  Carati,  of  Bologna,  who  has  made  this  subject  his 
8i)ecial  study  (i^evwe  iV^ewr.,  May- June  1915),  comes  to  the  conclusion 
that,  tested  by  faradisation,  the  areas  of  variation  in  painful  sensibility 
are  always  more  extensive  than  the  areas  of  hypaesthesia,  anaesthesia, 
or  hyperaesthesia  arrived  at  by  other  methods. 
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water  used  should  not  be  of  a  higher  temperature 
than  50°  C.  ;  the  cold,  by  adding  crushed  ice,  should 
be  kept  at  about  0°. 

Thus  a  complete  area  of  thermal  anaesthesia,  as 
extensive  generally  as  the  area  of  tactile  angesthesia, 
is  often  found  surrounded  by  a  more  or  less  narrow 
border  where  temperatures  of  50°  and  0°  are  only 
appreciated  with  delay,  and  sometimes  wrongly 
interpreted,  and  where  the  intermediate  temperatures, 
between  20°  and  40°  C,  are  either  not  recognised  or 
only  recognised  with  difficulty. 

Often,  in  this  area,  the  application  of  a  tube  of 
hot  water  at  a  temperature  of  48°-50°,  at  first  per- 
ceived as  a  simple  touch,  will  presently  produce  a 
painful  sensation  of  persistent  and  diffuse  burning. 

B.  Deep  Sensibility  is  of  three  varieties  : 

1.  Sensibility  to  pressure. 

2.  Sense  of  passive  movement  and  posture. 

3.  Sensibility  of  bones. 

1.  Sensibility  to  pressure,  or  baroesthesia  or  the 
sensation  of  weight,  may  be  tested  by  either  the  tip 
of  the  finger  or  the  head  of  a  pin.  In  some  cases 
within  an  area  where  superficial  sensibility  to  a  flake 
of  cotton- wool  or  to  a  fine  camel-hair  brush  is  abolished, 
pressure  with  the  head  of  a  pin  or  the  tip  of  the  finger 
is  readily  appreciated  and  correctly  localised. 

2.  Sense  of  passive  movement  and  posture  should  be 
investigated  in  the  following  manner  : — The  patient's 
eyes  should  be  bandaged,  and  after  making  a  number 
of  passive  movements  on  a  segment  of  the  affected 
limb  (fingers,  toes,  wrist,  ankle),  the  examiner  should 
ask  the  patient  to  carry  out  the  same  movements 
with  the  sound  limb,  or  else  to  clearly  describe  them. 

After  performing  a  variety  of  passive  movements, 
a  segment  of  the  limb  should  be  placed  in  a  given 
posture  (flexion,  extension,  abduction,  adduction),  and, 
taking  care  that  the  muscles  are  completely  relaxed 
during  the  investigation,  the  patient  should  be  asked 
to  describe  the  position  of  the  segment  and  told  to 
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place  the  corresponding  segment  of  the  sound  limb 
in  the  same  posture. 

3.  Osseous  sensibility  should  be  tested  with  a  large 
tuning-fork  producing  powerful  vibrations. 

After  making  the  fork  vibrate  by  striking  it  (e.g. 
with  a  reflex  hammer),  its  base  should  be  placed  on  the 
surface  of  the  bone  under  examination,  selecting  spots 
where  the  bony  surface  lies  close  beneath  the  skin. 

Stereognosis. — Having  completed  the  tests  of  super- 
ficial and  deep  sensibility,  the  faculty  of  recognising 
^_  the  physical  properties  of  objects  may  be  investigated, 
^fe      This  power  of  appreciating  the  size,  form,  consistence, 
^Band  nature  of  objects  is  often  affected  in  lesions  of 
^Hthe  peripheral  nerves.     It  can  be  tested  by  allowing 
^^Bthe  patient,  when  bhndfold,  to  feel  different  things, 
^^Rsuch  as  a  watch,  key,  pencil,  coin,  button,  etc. 
^^H     This  particular  sense  or  faculty  is  dependent  on  a 
^■combination  of   simple   sensations  conveyed   at  one 
^Hand  the  same  time  by  the  paths  of  superficial  and 
deep  sensibiHty.     It  frequently  happens,  when  motor 
paralysis  does  not   entirely  prevent  palpation  of  an 
object,  that  the  patient  will  recognise  some  qualities, 
such  as  shape  or  consistence  (primary  identification), 
without  being  able  to  name  the  object  itself  (secondary 
identification). 

The  more  important  the  sensory  distribution  of 
the  injured  nerve,  whether  superficial  or  deep,  the 
more  the  faculty  of  recognising  the  physical  properties 
of  objects  is  affected. 

Subjective  Disturbances  are  always  difficult  to  esti- 
mate, the  details  given  by  the  patients  varying  with 
their  degree  of  intelligence  and  their  inclination  to 
complain.  They  should  be  questioned  about  formi- 
cation and  numbness,  and  particularly  whether  pain,  if 
present,  is  constant  or  paroxysmal,  locaHsed  or  diffuse. 
The  nature  of  the  pain,  too,  should  be  carefully  noted, 
whether  smarting,  burning,  shooting,  pricking,  or 
grinding,  as  well  as  its  seat,  along  the  course  of  a 
nerve  or  in  a  definite  sensory  area,  such  as  the  palm 
of  the  hand  or  sole  of  the  foot. 
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It  is  equally  important  to  ascertain  whether  the 
pain  is  spontaneous  or  provoked  by  some  act  such  as 
pressure  on  the  nerve  or  its  terminal  expansions. 
Note  also  any  conditions  which  increase  or  diminish 
its  intensity. 

REFLEXES 

The  tendon,  bone,  and  periosteal  reflexes  should  be 
examined  with  a  reflex  hammer. 

The  muscles  of  the  limb  should  be  completely 
relaxed,  and  each  reflex  should  bennvestigated  several 
times.  The  corresponding  limbs  should  always  be 
examined  symmetrically  to  reaUse  any  difference 
in  the  reflex  response. 

Upper  Extremity: — 

Tendon  reflexes. — The  chief  reflex  is  the  tricipitaly 
which  is  obtained  by  striking  the  tendon  of  the  tri- 
ceps just  above  its  insertion  into  the  olecranon.  The 
response  is  an  extension  of  the  forearm  at  the 
elbow. 

To  obtain  the  necessary,  though  difl&cult,  relaxation 
of  the  muscles,  it  is  advisable  to  allow  the  arm  to 
hang  quite  loose  by  the  side  of  the  body  and  then  to 
flex  the  elbow  to  a  right  angle,  reminding  the  patient 
not  to  stiffen  his  muscles. 

Other  reflexes  to  be  tested  are  those  of  the  biceps, 
extensors  of  the  wrist,  extensors  of  the  fingers,  flexor 
carpi  radialis,  and  flexors  of  the  fingers  by  percussing 
their  respective  tendons  at  the  back  and  front  of  the 
wrist. 

Osteo-periosteal  reflexes. — The  stylo-radial  reflex, 
obtained  by  tapping  the  stylo-radial  process.  Nor- 
mally this  evokes  a  contraction  of  the  biceps,  the 
brachiahs  anticus,  the  supinator  longus,  and  even 
the  anterior  fibres  of  the  deltoid.  To  obtain  this 
reflex  the  wrist  must  be  thoroughly  relaxed,  the 
hand  placed  half  way  between  pronation  and  supi- 
nation, and  the  elbow  semi -flexed. 

The  ulnar  pronator  reflex  (Pierre  Marie),  evoked  by 
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tapping  the  posterior  surface  of  the  styloid  process 
of  the  ulna,  the  hand  being  placed  in  the  position 
previously  described,  produces  a  movement  of  prona- 
tion at  the  wrist. 

The  olecranon  reflex,  obtained  by  tapping  the 
posterior  surface  of  the  olecranon  below  the  insertion 
of  the  triceps  tendon  :  as  opposed  to  the  triceps 
reflex,  it  causes  a  movement  of  flexion  of  the  forearm 
on  the  arm. 

Finally,  by  tapping  the  vertebral  border  of  the 
scapula  a  contraction  of  the  pectoraHs  major,  of  the 
deltoid  and  even  of  the  other  shoulder  muscles  may 
be  obtained. 

There  are  no  important  cutaneous  reflexes  of  the 
upper  extremity. 

Lower  Extremity: — 

Tendon  reflexes. — The  two  most  important  reflexes 
are  the  patellar  reflex  or  knee-jerk,  and  the  tendo 
Achillis  jerk. 

The  patellar  reflex,  obtained  by  tapping  the  patellar 
tendon,  is  a  movement  of  extension  of  the  leg  on  the 
thigh,  and  is  elicited  with  the  knee  in  a  position  of 
semi-flexion.  If  the  patient  is  lying  down  the  popHteal 
space  should  rest  on  the  arm  of  the  observer  ;  but  if 
he  is  sitting,  his  feet  should  be  placed  flat  on  the 
ground,  the  leg  with  the  thigh  making  a  slightly 
obtuse  angle.  The  patient  can  also  be  examined 
seated  on  the  edge  of  his  bed  with  his  legs  hanging 
down.  The  observer's  left  hand  should  always  be 
pplied  to  the  anterior  aspect  of  the  thigh  in  order  to 
bserve  the  sHghtest  contraction  of  the  quadriceps 
extensor  femoris. 

The  tendo  Achillis  jerk  is  obtained  by  striking 
the  tendo  Achillis  tendon  with  the  patient  kneeling 

Ion  a  stool  or  a  chair  with  the  muscles  of  his  foot 
completely  relaxed.  The  gastrocnemius  contracts  and 
causes  plantar  flexion  of  the  foot.  The  foot  should 
be  held  at  a  right  angle  with  the  left  hand  in  order 
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mistaking  the  motion  of  the  whole  foot  produced  by 
percussion  for  the  reflex  contraction. 

The  other  tendon  reflexes  of  the  lower  extremity 
are  less  important — reflexes  of  the  tibialis  anticus, 
tibialis  porticus,  and  peronei  obtainable  by  percussion 
of  their  respective  tendons  at  the  ankle. 

Osteo-periosteal  reflexes  are  of  less  significance  than 
those  of  the  upper  extremity  ;  the  chief  is  the  so- 
called  Mendel-  Bechterew  reflex,  which  evokes  flexion 
of  the  four  last  toes  on  percussion  of  the  bone  at  the 
angle  formed  by  the  os  calcis  and  astragalus.  Adductor 
reflexes  are  obtained  by  percussion  on  the  internal 
condyle  of  the  corresponding  femur. 

Cutaneous  reflexes  in  the  lower  extremity  are  of 
extreme  importance. 

The  cutaneous  plantar  reflex  is  obtained  by  stroking 
the  outer  edge  of  the  sole  of  the  foot  with  the  point 
or  head  of  a  pin  from  the  heel  to  the  toes.  When 
friction  of  the  outer  edge  is  ineffectual,  the  middle 
of  the  sole  of  the  foot,  or  even  its  inner  side,  should 
be  stroked  before  assuming  the  reflex  to  be 
abolished. 

Normally,  the  effect  produced  will  be  plantar  flexion 
of  the  toes  ;  but  when  there  is  a  lesion  of  the  pyramidal 
tract,  extension  or  dorsal  flexion  of  the  great  toe 
results.  This  is  known  as  Babinshi's  sign,  and  may 
or  may  not  be  accompanied  by  extension  or  separa- 
tion of  the  other  toes  producing  the  "fan  sign" 
of  Dupre. 

When  there  is  no  response  to  plantar  stimulation, 
sharp  friction  of  the  inner  aspect  of  the  tibia  ( Oppen- 
heim's  sign),  pinching  the  tendo  Achillis,  or  pressure 
on  the  muscles  of  the  calf  may  be  tried. 

Reflex  of  the  fascia  lata  (Brissaud)  is  also  obtained 
by  friction  of  the  sole  of  the  foot,  and  is  manifested 
by  a  visible  contraction  in  the  upper  and  outer  aspect 
of  the  thigh,  which  usually  accompanies  the  toe  move- 
ments produced  by  plantar  stimulation. 

Reflex  adduction  of  the  foot  is  produced  by  scratching 
the  inner  edge  of  the  foot  at  the  junction  of  the  plantar 
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and  dorsal  aspects.  It  may  be  present  independently 
of  Babinski's  sign,  and  is  frequently  observed  after 
lesions  of  the  cerebral  cortex  (Pierre  Marie  and  Henry 
Meige^). 

The  cremasteric  reflex  is  obtained  by  pinching  the 
skin  on  the  inner  aspect  of  the  thigh,  or,  better  still, 
by  stroking  its  inner  aspect  with  a  pin  from  the  groin 
towards  the  knee  ;  in  a  male  patient,  retraction  of 
one  or  both  testicles  towards  the  inguinal  canals  may 
be  produced. 

Of  minor  importance  is  the  gluteal  reflex  obtained 
by  stimulating  the  skin  over  the  buttock,  and  mani- 
fested by  a  contraction  of  the  glutei. 

It  is  advantageous,  too,  to  test  two  other  cutaneous 
^reflexes — the  abdominal  reflexes  (superior,  median, 
and  inferior),  consisting  of  a  sharp  contraction  of  the 
'muscles  of  the  abdominal  wall  when  the  skin  of  the 
abdomen  is  stroked  from  the  margin  of  the  ribs  down- 
ward. The  patient  should  be  recumbent  and  the 
muscles  of  the  abdominal  wall  quite  relaxed. 

The  anal  reflex,  a  contraction  of  the  sphincter  ani, 
is  best  elicited  by  placing  the  patient  in  the  genu- 
pectoral  position,  or  flat  on  his  abdomen  with  thighs 
wide  apart,  and  pricking  the  perineum  about  an 
inch  from  the  margin  of  the  anus. 

IDIOMUSCULAR   CONTRACTION 

Idiomuscular  contraction  is  obtained  by  striking 
the  mass  of  a  muscle  itself  with  a  reflex  hammer, 
preferably  at  the  spot  where  the  nerve  penetrates 
the  muscle,  i.e.  its  motor  point. 

Sicard  and  Cantaloube^  have  recently  indicated 
the  best  points  for  stimulating  the  small  muscles 
of  the  hand  and  foot.  In  the  hand  the  thenar 
muscles  should  be  percussed  near  their  centre  (flexion 
and  opposition  of  the  thumb). 

^  Pierre  Marie  and  Henry  Meige,  "Le  reflexe  d'adductiou  du  pied," 
Soc.  de  Neurologie,  March  2,  1916. 

2  Sicard  and  Cantaloube,  "Les  reflexes  musculaires  de  la  main  et  du 
pied,"  Presse  medicak,  April  3,  191G. 
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The  hypothenar  on  the  inner  and  posterior  part  of 
the  hypothenar  eminence  (flexion  and  abduction  of 
the  little  finger). 

The  interosseous  in  the  dorsal  intermetacarpal 
spaces,  particularly  the  first.  Adduction  of  the 
fingers  results. 

For  the  foot,  the  extensor  hrevis  digitorum  should  be 
tested  by  tapping  the  outer  aspect  of  the  foot  at  the 
level  of  the  junction  of  the  os  calcis  and  astragalus 
(extension  of  the  second  and  third  toes).  The  inter- 
osseous muscles  of  the  foot,  when  tapped  on  the  dorsal 
surface  of  the  foot  at  the  proximal  end  of  the  inter- 
metatarsal  spaces  of  the  second  and  third  toes,  cause 
flexion  of  these  toes. 


VASOMOTOR,  SECRETORY,  TROPHIC,  AND  CALORIC 
DISORDERS 

Alterations  in  colour  of  the  skin  of  the  whole  or 
part  of  a  limb  should  be  carefully  noted  and  compared 
with  that  of  the  sound  Hmb. 

The  temperature  of  the  limb  should  be  observed, 
either  by  simple  palpation  or  by  means  of  a  surface 
thermometer,  care  being  taken  that  the  instrument 
registers  the  same  level  at  the  beginning  of  the  ob- 
servation and  is  kept  in  contact  with  the  skin  for 
the  same  length  of  time  when  comparing  the  injured 
with  the  sound  side. 

The  absence  or  hypersecretion  of  sweat,  the  presence 
of  eruptions  or  ulcers,  deformities  of  the  nails,  altera- 
tions in  the  growth  of  the  nails  and  hair,  and 
atrophy  or  thickening  of  the  skin,  should  be  noted 
with  care. 

Important  vasomotor,  trophic,  and  caloric  disorders, 
in  the  great  majority  of  cases,  indicate  a  vascular 
disorder  complicating  the  nervous  lesion. 

It  is  essential,  therefore,  to  feel  the  pulse  and  to 
measure  the  arterial  blood  pressure  with  an  ordinary 
sphygmomanometer  (Pachon,  Vaquez,  etc.). 
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Electro-diagnosis 

(By  Dr  M.  Gbunspan) 

In  the  case  of  neuromuscular  lesions  an  electrical 
examination  is  an  important  aid  to  clinical  investi- 
gation :  it  dispels  doubt  in  complicated  and  difficult 
cases,  helps  in  forming  a  prognosis,  and  gives  valuable 
indications  as  to  treatment. 

No  complicated  installation  is  required  for  this 
investigation. 

An  induction  coil  with  two  dry  cells  on  the  one  hand, 
and  a  battery  of  thirty-two  elements  capable  of  giving 
a  current  of  twenty  to  thirty  miUiamperes,  provided 
with  a  Courtade  key,  on  the  other  hand,  will  be  all 
that  is  required  in  most  cases.  Those  who  are  un- 
accustomed to  electro -diagnosis  will  meet  with  some 
difficulties. 

We  shall  describe  briefly  the  method  of  procedure : 
All  the  apparatus  should  first  be  placed  within  the 
operator's  reach  ;  the  part  that  is  to  be  examined 
should  be  brought  into  a  good  light,  and  the  patient 
placed  in  such  a  position  that  the  muscles  are 
thoroughly  relaxed  ;  it  is  usually  better  to  have  him 
recumbent  on  a  bed. 

Investigation  should  be  made  both  by  the  unipolar 
and  the  bipolar  methods,  the  former  alone  being 
inadequate. 

In  employing  the  t(.mpoZar  method,  a  large  indifferent 
electrode  is  applied  to  the  patient's  back  between  the 
scapulae  or  in  the  lumbar  region,  and  the  muscles  and 
nerves  are  tested  by  means  of  a  smaller  electrode. 

It  is  frequently  necessary,  however,  to  employ 
strong  currents  in  order  to  excite  contractions  in  a 
diseased  muscle.  The  current  overflows  into  the 
surrounding  muscles  and  the  limb  twitches  violently, 
with  the  result  that  feeble  contractions  of  the  affected 
muscle  are  completely  masked. 

It  is  advisable,  therefore,  to  localise  the  effects  of 
the   current   by   the   use   of   two   testing   electrodes 
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applied  to  the  muscle  itself.  This  constitutes  the 
bipolar  method. 

Faradic  Exploration.  —  In  unilateral  lesions  the 
excitability  of  the  sound  side  should  be  tested  first 
and  compared  with  that  of  the  affected  side.  The 
test  should  be  applied  to  the  muscles  and  nerves 
consecutively,  and  the  operator  should  previously 
have  learnt  to  recognise  the  different  motor  points. 
The  nerves  can  only  be  tested  at  those  points  in  their 
course  where  they  are  superficially  situated  just  under 
the  skin.  The  muscles  can  be  excited  in  any  part 
of  their  length,  but  each  displays  a  very  limited  zone 
which  responds  to  the  current  much  more  promptly 
and  rapidly  than  the  rest  of  the  muscle.  (See  figs.  1, 
2,  and  3.) 

The  reactions  which  occur  should  be  noted  con- 
secutively. If  the  muscles  and  nerves  of  the  affected 
side  respond  like  those  on  the  sound  side,  the  reactions 
are  said  to  be  normal ;  but  if  the  response  differs  from 
that  of  the  sound  side,  the  reactions  are  abnormal. 
These  abnormalities  may  be  quantitative  or  quali- 
tative, or  both. 

If  it  is  necessary  to  use  an  induced  current  of  greater 
strength  to  obtain  the  first  sign  of  contractiHty  in 
a  muscle  on  the  affected  side  than  is  necessary 
to  excite  a  similar  contraction  in  the  corresponding 
muscle  on  the  sound  side,  faradic  irritability  is  said 
to  be  decreased. 

If,  on  the  other  hand,  the  strength  of  current  neces- 
sary to  excite  a  minimum  contraction  in  the  muscle 
on  the  sound  side  causes  a  violent  twitch  on  the  dis- 
eased side,  faradic  irritability  is  said  to  be  increased. 

The  induction  coil  may  be  used  at  its  maximum 
strength,  and  no  reaction  to  the  test  result :  there  is 
then  said  to  be  abolition  of  faradic  irritability. 

Galvanic  Exploration. — The  same  principles  apply 
to  tests  with  the  battery  current :  there  may  be 
decrease,  increase,  or  abolition  of  galvanic  irritability. 

While  in  faradic  examination  Httle  or  no  notice 
is  taken  of  polar  distribution,  in  galvanic  unipolar 
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testing,  on  the  contrary,  it  is  necessary  to  attach  the 
testing  electrode  to  the  negative  pole  if  it  is  desired 
to  investigate  what  is  called  the  "  inverted  formula." 

In  a  normal  muscle  a  greater  strength  of  current 
is  required  to  obtain  a  contraction  with  the  anodal 
closure  current  than  is  necessary  with  the  kathodal 
closure  current.  If  the  contrary  obtains,  or  the 
reaction  with  both  poles  is  aUke,  there  is  said  to  be 
an  inversion  of  the  polar  formula,  or  polar  equality. 

A  normal  muscle  responds  to  galvanic  stimulation 
by  contracting  hke  a  flash  of  lightning  ;  when  the 
response  is  slow,  wormUke,  and  diffuse,  the  contraction 
is  said  to  be  sluggish.  This  type  of  contraction  is  of 
paramount  importance  in  electro-diagnosis,  and  is  the 
chief  characteristic  of  the  reaction  of  degeneration. 

Reaction  of  degeneration  may  be  either  complete  or 
partial. 

Complete  reaction  of  degeneration  is  indicated  in 
the  nerve  by — 

Faradic  and  galvanic  irritabiUty  being  aboHshed. 

I     In  the  muscle  by — 
1.  Faradic  irritability  being  abolished. 
2.  Galvanic  irritabiUty  being  increased  or  decreased. 
3.  (a)  Response  to  galvanic  stimulation  is  sluggish  ; 
h)  normal  formula  ;    polar  equality  or  the  inverted 
formula. 

When  the  lesions  are  less  marked,  the  reactions  are 
not  so  clearly  defined,  and  the  reaction  of  degeneration 
wiU  then  be  partial. 

Partial  reaction  of  degeneration  presents  the  follow- 
ing features  : — 

In  the  nerve — 

Decreased  faradic  and  galvanic  irritabiUty. 

In  the  muscle — 

1.  Decreased  faradic  irritability. 

2.  Decreased  or  increased  galvanic  irritability. 

3.  (a)  Sluggish  contraction  ;  (6)  normal  formula  ; 
polar  equality  or  the  inverted  formula. 
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Text -books  attach  an  importance  to  the  in- 
verted formula  which  is  quite  unsupported  by 
experience.  It  is  now  known  to  be  of  Httle  value, 
and  we  regard  slowness  of  contraction  as  the  only- 
valuable  evidence  of  degenerated  muscle. 

Huet  and  Bourguignon,  Laquerriere  and  Delherm, 
Delherm  and  M.  Grunspan  have  all  demonstrated 
that  the  myotonic  reaction  should  be  incorporated 
in  the  reaction  of  degeneration.  This  myotonic 
reaction  has  hitherto  only  been  observed  in  Thomsen's 
disease  and  in  the  myopathies.  But  this  reaction 
occurs  in  a  peculiar  manner  in  the  reaction  of  degenera- 
tion :  it  always  seems  to  disappear  at  the  opening  of 
the  circuit,  and  may  be  observed  both  in  complete 
and  partial  reaction  of  degeneration. 


Illustrations 

It  is  essential  to  record  in  graphic  form  the  ana- 
tomical and  physiological  functions  of  the  different 
nerves. 

To  the  upper  extremity  belong — 


the  median  nerve,  drawn  in  dead  black. 


the  miisculo- spiral  nerve,  drawn  in  fine  close  lines  from 
r.  to  1. 

the  musctilo-cutaneous  nerve,  drawn  in  wider  lines  from 
1.  to  r. 


the  ulnar,  drawn  in  heavy  lines  from  r.  to  1. 
the  circumflex,  dotted  black 


The  lower  extremity. — The  diagrams  will  be  used 
found  on  p.  159. 

The  figures  giving  the  various  cHnical  aspects  of 
the  extremities  after  nerve  injuries  were  drawn  from 
nature  and  most  ably  carried  out  by  Mme.  Michel, 
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a  nurse  in  Professor  Pierre  Marie's  ward  at  the 
Salpetriere. 

Most  of  the  diagrams  were  made  by  Mr  Reignier. 

The  photographs  and  radiograms  were  taken  under 
Mr  Infroit's  supervision. 

Dr  Henry  Meige  has  been  of  invaluable  assistance 
to  us  in -looking  after  all  the  illustrations;  and  we 
desire  to  record  here  our  great  indebtedness  to  all 
our  coadjutors. 


CHAPTER  II 

THE  MUSCULO-SPIRAL  NERVE 

The  statistics  of  all  the  neurological  centres  prove 
that  musculo-spiral  paralysis  is  by  far  the  commonest 
of  peripheral  palsies.  The  long^ourse  of  the  nerve 
which  winds  round  the  humerus  in  jblose  apposition  to 
the  musculo-spiral  groove  accj)unts  for  this  frequency, 
and,  on  the  other  hand,  explains  the  fact  that  a  fracr_ 
ture  of  the  arm  is  usually  complicated  by  musculo- 
spiral  paralysis. 

We  must  also  draw  attention  to  the  vulnerability  of 
the  nerve,  of  which  musculo-spiral  paralysis  from  com- 
pression, or  crutch  paralysis,  offers  an  example,  and  to 
its  almost  exclusively  motor  character. 

At  first  sight  it  would  appear  that  mixed  nerves,  all 
containing,  as  they  do,  motor  and  sensory  fibres,  vaso- 
motor and  secretory  filaments,  ought,  as  a  result  of 
similar  lesions,  to  present  similar  disturbances;  but 
this  is  not  so.  Each  mixed  nerve  has  a  very  clearly 
defined  clinical  individuality  ;  not  only  in  the  way  it 
reacts  to  the  lesion,  but  also  in  the  manner  in  which 
it  recovers  its  functions.^ 

ANATOMY 

The  musculo-spiral  nerve  arises  from  the  brachial  plexus  in  the 
axilla,  where  it  is  situated  posterior  to  the  median  nerve  and  to 
the  axillary  artery.  When  it  leaves  the  axilla  it  enters  the  musculo- 
spiral  groove  between  the  insertions  of  the  internal  and  external 

^  Pierre  Marie  and  Mme.  Ath.  Benisty,  "  Individualite  clinique  des 
nerfs  peripheriques,"  Soc.  de  Neurologic,  March  15,  1915.  Bevue  neuro- 
logique,  May-June  1915. 
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heads  of  the  triceps  muscle,  where  it  runs  parallel  to  the  superior 
profunda  artery.  Then  it  crosses  the  external  intermuscular  septum 
and  appears  on  the  anterior  aspect  of  the  arm  in  the  outer  bicipital 
groove  at  about  10  cm.  above  the  epicondyle. 


Nerve  to  outer  head  of* 
triceps  and  anconeus. 


Ulnar  nerve, 


Circumflex  nerve. 


Musculo-spiral  nerve. 


External  cutaneous  branch. 


Fig.  4. — ^Musculo-spiral  nerve. 


At  the  level  of,  or  a  Uttle  below,  the  articulation,  the  nerve  divides 
into  two  terminal  branches. 

The  anterior  or  sensory  branch  lies  first  of  all  under  the  supinator 
longus,  and  then  passes  down  the  anterior  aspect  of  the  forearm. 
It  supplies  the  outer  half  of  the  back  of  the  hand  (figs.  11  and  12). 

The  posterior  or  motor  branch,  the  larger  of  the  two,  at  about 
2  cm.  below  the  articulation  penetrates  the  substance  of  the  supinator 
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brevis  to  occupy  the  space  between  the  two  superficial  and  deep 
muscular  layers  on  the  posterior  aspect  of  the  forearm. 

The  first  branch  given  off  by  the  musculo-spiral  nerve  is  the  internal 
cutaneous.     It  starts  where  the  nerve  enters  the  musculo-spiral 


Branch  to 
supinator 
longus. 


Branch  to  ext. 

carp.  rad.  long. 

Branch  to  ext. 

carp.  rad.  brev. 

Musculo-spiral  n. 

(posterior  branch). 


Muscular 
branches. 


'Musculo-spiral  nerve. 


Musculo-cutaneous  nerve. 


Musculo-spiral  nerve 
(anterior  branch). 


^■groove;  immediately  beneath  it  is  given  off  the  nerve  to  the  long 
head  of  the  triceps.  The  branches  to  the  inner  and  outer  heads  of  the 
triceps  and  to  the  anconeus  muscle  spring  from  about  the  centre 
of  this  groove. 

The  external  cutaneous  branch,  which  supplies  the  posterior  aspect 


Fig.  5.  — Branches  of  musculo-spiral  nerve  to  forearm  and  hand. 
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of  the  forearm  (fig.  11),  commences  at  the  level  of  the  lower  third 
of  the  musculo-spiral  groove  before  the  nerve  traverses  the  external 
intermuscular  septum.  This  cutaneous  branch  perforates  the  outer 
head  of  the  triceps  and  the  brachial  aponeurosis  at  about  the 
level  of  the  insertions  of  the  supinator  longus,  and  it  supplies  the 
skin. 

The  branch  to  the  supinator  longus  is  given  off  where  the  musculo- 
spiral  nerve  appears  in  the  outer  bicipital  groove.  The  branch  to 
the  extensor  carpi  radialis  longior  arises  a  little  below  it.  Before 
penetrating  the  supinator  brevis  and  encircling  the  neck  of  the  radius, 
the  posterior  branch  gives  a  filament  to  the  extensor  carpi  radialis 
brevior.  In  its  passage  under  the  supinator  brevis  it  supplies  it 
with  two  or  three  motor  filaments. 

All  the  remaining  muscles  of  the  posterior  aspect  of  the  forearm 
receive  their  branches  from  the  posterior  interosseous  branch  of  the 
musculo-spiral  nerve,  which  then  divides  into  a  number  of  secondary- 
branches. 

Pierre  Marie,  Henry  Meige,  and  A.  Gosset  have  recently  investi- 
gated motor  localisations  of  nerve-trunks  by  application  of  electricity 
to  the  nerves  direct  during  surgical  operations  at  La  Salpetri^re. 
The  results  obtained  enable  us  now  to  confirm  the  existence  of  a 
systematic  distribution  of  the  nerve  fibres  supplying  the  different 
muscles.     In  our  second  volume  we  shall  deal  with  this  more  fully. 

As  regards  the  musculo-spiral  nerve,  these  authorities  have  estab- 
lished the  individuality  of  the  nerve  fibres  intended  respectively 
for  the  supinators,  the  extensors  of  the  wrist,  and  the  common  and 
special  extensors  of  the  fingers. 

It  is  in  the  antero-intemal  portion  of  the  trunk  of  the  musculo- 
spiral  nerve,  in  the  upper  arm,  that  the  fibres  which  supply  the  two 
radial  extensors  of  the  wrist  are  situated,  whilst  the  fibres  intended 
for  the  extensors  of  the  fingers  occupy  the  postero  -  internal 
portion  :  in  the  external  portion  the  fibres  of  supination  appear 
to  lie. 

NORMAL  AND  PATHOLOGICAL  PHYSIOLOGY  OF  THE  MUSCLES 
SUPPLIED  BY  THE  MUSCULO-SPIRAL  NERVE. 

In  considering  the  physiology  of  muscles  the  im- 
mortal works  of  Duchenne  (of  Boulogne)  will  be  re- 
ferred to.  Duchenne,  by  local  application  of  electri- 
city to  muscles,  and  by  observ^ation  of  cases  of  pro- 
gressive atrophy  in  children  and  adults,  has  estab- 
lished the  normal  and  pathological  physiology  of 
muscles.  His  statements  have  been  confirmed  in 
nearly  every  case. 
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Fig.  6.- 


-Position  of  normal  hand 
in  repose. 


Before  describing  the  appearance  of  the  hand  in 
paralysis  of  the  different  nerves  of  the  upper  extremity, 
it  is  necessary  to  realise  what  is  the  natural  position 

of  the  sound  hand  when 
at  rest,  the  muscles  being 
as  nearly  as  possible 
completely  relaxed  and 
the  forearm  resting  on  a 
horizontal  level  (fig.  6). 

The  position  is  then 
one  of  a  slight  degree  of 
flexion  and  pronation  of 
the  wrist,  which  also  in- 
clines to  the  ulnar  side. 
The  fingers  are  flexed  on 
the  metacarpal  bones ; 
flexion  of  the  phalanges  is  marked,  especially  the 
flexion  of  the  second  phalanx  on  the  first,  which 
occurs  in  all  the  fingers  from  the  index  to  the  little 

Ifinger,  and  becomes  more  marked  in  each. 
The  thumb,  besides  being 
slightly  flexed,  shows  pro- 
nounced opposition. 
t  So  that  in  the  normal  state 
bhe  tone  of  the  flexor  and  pro- 
nator muscles  is  superior  to 
that  of  the  extensors. 

The  musculo  -  spiral  is  the 
nerv^e  of  extension.  In  the 
upper  arm  it  supplies  the 
triceps  (long,  external,  and  in- 
ternal heads)  and  the  anconeus  ; 
in  the  forearm,  the  extensors 
of  wrist  and  fingers  (fig.  8). 

In  musculo -spiral  paralysis, 
herefore,  there  is  immediate 
nd  very  marked  drop  of  the 
and  and  fingers.^     The  wrist  and  the  first  phalanges 

^  Even  at  the  time  of  injury  it  is  quite  common  to  see  sudden  con- 
raction  of  the  flexors  of  the  fingers  occur. 


Fig.  7. — Attitude  of  hand 
in  musculo  -  spiral  para- 
lysis (wrist-drop). 
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are  flexed ;    the  flexion  is   limp,  without   any   con- 
tracture, and  it  is  easily  reducible  (fig.  7). 


MUSCLES.  NERVES. 

Sterno-cleido  mast.    Spinal  accessory. 
Trapezius.  „  „  OS  0* 


BOOTS. 


Deltoid.  Circumflex.  0*,  C*.^ 

Pectoralis  major.     Ext.  anterior  thoracic.  C,  C,  0'. 


Infraspinatus. 
Teres  minor. 


Suprascapular. 
Circumflex. 


CS  C«. 
06. 


Teres  major.  Nerve  to  teres  major.    C*,  C,  C. 

Pectoralis  minor.  Int.  anterior  thoracic.  C,  0",  D^. 

Latissimus  dorsi.  Long  subscapular.        0*,  C,  0». 

Biceps.  Muscvlo-cutaneous.     C*,  C«. 


Brachialis  anticus.  , ,  , , 
Triceps.                    Musculo-spiral. 

Supinator  longus.  ,,  ,, 

Ext.  car.  rad.  long.  , ,  , , 

Anconeus.  ,,  ,, 

Bit.  car.  ulnaris.  , ,  , , 

Bxt.car.rad.brev.  ,,  ,, 

Ext.  comm.  dig.  ,,  ,, 

Abd.  long.  poUicis.  , ,  , , 

Ext.  brev.  poUicis.  ,,  ,, 


OS  C«. 
C«,  C. 
OS  C«. 

0«,  C. 

C%  08. 
0',  0*. 
0«,  0». 
0«,  C,  0* 
0«,  0'. 
0«,  G\ 


Fig.  8. — ^Muscles  supplied  by  the 
mtisculo-spiral  nerve. 


Triceps.  —  The  triceps  for- 
cibly extends  the  forearm  on 
the  arm.  From  Duchenne's 
experiments,  it  appears  that 
the  long  head  of  the  triceps 
is  the  weakest,  on  account  of  want  of  stability 
in  its  upper  attachment;  but  either  the  external 
or  internal  head  of  the  triceps  can  do  all  that  is 
required,  and  when  the  triceps  is  entirely  paralysed 
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the  anconeus  alone  is  capable  of  extending  the 
arm. 

When  a  wound  of  the  posterior  part  of  the  arm  has 
directly  affected  the  nerve  fibres  of  the  external  and 
internal  triceps,  or  of  all  three  heads,  without  injuring 
the  trunk  of  the  musculo-spiral  nerve  itself,  this  want 
of  efficiency  of  the  extensors  of  the  forearm  is  not 
always  easy  to  detect. 

The  patient  can  alternately  flex  and  extend  the  fore- 
arm, holding  a  heavy  weight  in  his  hand  ;  but  if 
he  is  made  to  raise  his  elbow  high  enough,  with  his 
forearm  flexed  and  his  hand  touching  his  shoulder,  it 
becomes  impossible  for  him  to  extend  this  bent  fore- 
arm by  reason  of  the  weight  alone. 

Another  way  to  test  paralysis  of  the  triceps  is  to  ex- 
tend the  elbow  and  then  to  ask  the  patient  to  resist 
with  vigour  an  attempt  to  flex  the  forearm  on 
the  arm. 

P. When  the  lesion  has  involsred  the  musculo-spiral 
nerve  in  the  axillary  region,  the  whole  of  the  triceps 
is  paralysed.  As  a  result,  then,  of  atrophy  of  the 
muscle  and  want  of  muscular  power,  passive  flexion 
of  the  elbow  may  be  more  complete  than  in  the 
normal  condition. 

Supinator  longus. — The  most  common  type  of 
musculo-spiral  paralysis  is  that  consequent  on  injury 
to  the  middle  third  of  the  arm.  This  does  not  involve 
the  triceps,  but  the  supinator  longus  and  all  the  muscles 
of  the  posterior  part  of  the  forearm  are  paralysed. 
Indeed,  contrary  to  what  occurs  in  case  of  injury  to 
the  medig^n  and  ulnar  nerves,  partial,  fascicular,  or 
dissociated  paralyses  of  the  musculo  -  spiral  are 
rare. 

Involvement  of  the  supinator  longus  is  the  result  of 
a  wound  situated  high  up,  but  whatever  the  nerve 
lesion  is  in  the  upper  arm,  it  is  always  accompanied 
by  total  and  general  paralysis  of  all  the  muscles  of  the 
posterior  part  of  the  forearm. 

Is  this  due  to  weakness  of  the  extensors,  or,  as  has 
been  maintained,  to  a  greater  length  of  their  tendons  ? 
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We  think  that  the  most  probable  explanation  is  the 
essentially  motor  character  of  the  musculo-spiral  nerve. 
Most  of  its  fasciculi  are  motor.  Its  sensory  fasciculi 
seem  of  minor  importance,  and  only  contain  a  few 
vasomotor,  secretory,  or  other  fibres. 

The  function  of  the  supinator  longus,  in  spite  of  its 
name,  is  to  flex  the  forearm  forcibly  on  the  arm,  the 
hand  maintaining  an  intermediate  attitude  between 
supination  and  pronation. 

In  order  to  test  whether  the  supinator  longus  is 
paralysed  or  not,  the  patient's  hand  should  be  pronated, 
and  he  should  be  asked  to  bend  the  forearm  energetic- 
ally. Whilst  he  does  this,  with  one  hand  flexion 
should  be  opposed,  and  with  the  other  the  fleshy  part 
of  the  muscle  should  be  persistently  palpated,  the 
patient  beiag  told  to  bend  and  straighten  his  forearm 
alternately. 

In  case  of  musculo-spiral  paralysis  from  a  lesion 
above  the  branch  to  the  supinator  longus,  flexion  of 
the  forearm  is  solely  due  to  the  action  of  the  biceps 
and  brachiaUs  anticus.  The  prominence  formed  by 
the  normal  supinator  longus  at  the  bend  of  the  elbow 
then  disappears,  and  no  muscular  induration  or  tension 
can  be  found  on  most  careful  palpation. 

Supinator  brevis. — This  muscle  is  a  supinator  ex- 
clusively ;  its  contraction  produces  supination  apart 
from  any  other  movement. 

In  musculo-spiral  paralysis  the  movement  of  supina- 
tion is  abolished.  The  supinator  brevis  is  superseded 
during  flexion  of  the  ulna  by  the  biceps — a  flexor 
supinator  par  excellence  ;  during  extension  of  the 
ulna,  by  the  external  rotators  of  the  shoulder,  notably 
the  infraspinatus  ;  but  these  muscles  can  carry  out 
only  a  weak  movement  of  supination. 

Extensor  carpi  radialis  longior  et  brevior.  Ex- 
tensor carpi  ulnaris. — The  function  of  these  three 
muscles  is  to  extend  the  hand  on  the  fore- 
arm. 

The  extensor  carpi  radiahs  brevior  simply  extends 
the  hand. 
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The  extensor  carpi  radialis  longior  extends  and 
abducts  the  hand. 

The  extensor  carpi  ulnaris  extends  and  adducts 
the  hand. 

The  action  of  the  extensor  carpi  radialis  longior 
is  more  important  than  that  of  the  extensor  carpi 
ulnaris.  When  the  patient  forcibly  extends  his  hand 
the  three  muscles  contract  simultaneously.  In  the 
case  of  a  lesion  of  the  musculo-spiral  nerve,  paralysis 
is  almost  always  simultaneous  in  all  three.  It  is  only 
dissociated  when  the  nerve  lesion  merely  involves  its 
posterior  branch  in  the  forearm  below  where  the 
branches  are  given  off  to  one  or  both  radial  extensors. 
We  have  also  noticed  this  dissociation,  though  more 
rarely,  in  the  case  of  incomplete  musculo-spiral  para- 
lysis at  the  level  of  the  brachial  plexus. 

To  make  the  paralysis  of  the  extensors  of  the  hand 
apparent  in  musculo-spiral  paralysis,  care  should  be 
taken  to  keep  the  elbow  and  forearm  of  the  patient 
motionless  and  resting  on  a  table  with  the  hand 
loosely  suspended  and  pronated. 

On  palpation  of  the  fleshy  part  of  the  three  muscles 
at  the  upper  and  posterior  part  of  the  forearm,  a 
little  internal  to  the  supinator  longus  and  the  ex- 
ternal edge  of  the  radius,  no  contraction  is  felt  during 
attempts  at  extension  ;  whilst,  on  the  contrary,  there 
is  energetic  contraction  of  the  flexors  of  hand  and 
fingers.  All  that  can  be  noticed  is  tension  and 
dragging  on  the  brachial  aponeurosis,  but  the  muscles 
themselves  do  not  contract.  Their  tendons,  which 
owing  to  the  drooping  position  of  the  hand  are  very 
apparent  at  the  level  of  the  wrist,  never  move  at  all. 

To  verify  abolition  of  lateral  movements  of  the  wrist, 
which  are  normally  performed  by  the  extensor  carpi 
radiahs  longior  and  the  extensor  carpi  ulnaris,  possi- 
bihties  of  error  arising  from  the  movement  of  the 
elbow  should  be  eliminated  by  resting  the  forearm  on 
a  table,  as  in  examination  for  extension  of  the  hand  ; 
but  the  hand  should  be  raised  almost  to  the  hori- 
pntal  instead  of    being  allowed  to  drop.      Indeed, 
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Duchenne   (of  Boulogne)  proved  that,  as  the   wrist 
bends,  lateral  movements  diminish.^ 

Extensors  of  the  Fingers  (Extensor  communis  digi- 
torum,  extensor  indicis,  extensor  minimi  digiti). — The 
extensors  of  the  fingers  extend  the  first  phalanx  of 
the  fingers  on  the  metacarpal  bones,  and  only  the  first 
phalanx.  The  extension  of  the  second  and  third 
phalanges   is   performed   by   the  interossei   and  the 


Fig.  9. — Musculo-s'piral  'paralysis.  Pos- 
ture of  hand  in  attempted  extension 
of  the  fingers.  Slight  extension  of  last 
two  phalanges  can  be  carried  out  by 
the  assistance  of  the  interossei ;  but 
the  first  phalanx  cannot  be  extended 
on  the  metacarpus. 


Fig.  10. — Musculo-s'piral  'par- 
alysis.  Posture  of  hand 
and  fingers  in  attempted 
abduction  of  the  thumb. 


lumbricales.  The  slight  degree  of  extension  of  these 
two  phalanges  made  by  the  patient  in  his  efforts  to 
extend  the  fingers  on  the  metacarpus  must  not  be 
attributed  to  restoration  of  the  musculo-spiral  nerve 
(fig.  9). 

To  demonstrate  the  immobility  of  the  first  phalanx, 
the  patient's  forearm  should  be  rested  on  the  table 

^  The  action  of  the  flexor  carpi  radialis  as  an  abductor  muscle,  and 
that  of  the  flexor  carpi  ulnaris  as  an  adductor,  is  negligible.  Duchenne 
denies  that  these  muscles  take  part  in  any  Way  in  lateral  movements 
of  the  wrist. 
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with  the  wrist  semi-extended,  and  he  should  be  asked 
to  extend  his  fingers. 

If  the  extensors  of  the  fingers  are  paralysed,  no 
movement  of  this  kind  will  take  place  in  the  first 
phalanges. 

Extensor  longus  pollicis.  Extensor  brevis  pollicis. 
Abductor  longus  pollicis. — The  extensor  longus  pol- 
licis extends  the  two  phalanges  of  the  thumb,  and 
simultaneously  slightly  extends  the  hand. 

The  extensor  brevis  pollicis  is  the  only  direct  ab- 
ductor muscle  of  the  first  metacarpal  bone. 

The  abductor  longus  pollicis,  a  very  powerful  and 
long  muscle,  is  inserted  at  the  base  of  the  first  meta- 
carpal bone  of  the  thumb.  Its  function  is  to  draw 
this  bone  obliquely  outwards  and  forwards.  In  addi- 
tion, its  complete  contraction  fiexes  the  hand  and 
inclines  it  outwards,  and  during  this  time  there  is 
co-operative  contraction  of  the  extensor  carpi  ulnaris 
to  keep  the  hand  firm. 

Abduction  of  the  thumb  is  impossible  in  musculo- 
spiral  paralysis,  and  all  the  patient's  efforts  only 
succeed  in  getting  the  thumb  to  the  ulnar  edge  of  the 
hand  by  use  of  the  muscles  in  the  thenar  eminence. 
During  these  attempts  the  tendons  of  the  anatomical 
snuffbox  do  not  stand  out  in  the  shghtest  degree  (fig.  1 0). 

Accompanying  Disorders  of  the  Unaffected  Muscles.  — 
In  musculo-spiral  paralysis,  some  muscles,  not  supplied 
by  the  musculo-spiral  nerve,  and  which  have  remained 
healthy,  contract  feebly  and  awkwardly. 

The  flexors,  for  instance,  work  badly  on  account  of 
permanent  flexion  of  the  hand  and  the  first  phalanges. 
This  posture,  Duchenne  says,  will  cause  shortening 
of  the  flexors,  and  consequently  constrained  move- 
ment. The  patient  can  neither  close  his  fist  nor  flex 
all  the  phalanges  completely  ;  the  third  phalanges 
will  flex  badly  or  not  at  all  ;  the  thumb  does  not 
oppose  the  index  fingers,  the  patient  being  obliged 
to  turn  it  aside  with  his  sound  hand  in  order  to  put 
his  four  fingers  into  the  palm  of  that  hand. 

The  interossei  muscles  imperfectly  carry  out  the 
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movements  of  bringing  together  and  separating  the 
fingers.  The  wrist-drop  and  paralysis  of  the  ex- 
tensors of  the  fingers  impede  these  movements. 
They  can  be  made  with  greater  facility  by  placing  the 
patient's  hand  flat  on  a  table,  the  first  phalanges 
being  well  extended. 

Finally,  extension  of  the  thumb  ^  and  its  opposition 
to  the  other  fingers  are  defective. 

These  facts  should  be  borne  in  mind  to  prevent 
attributing  disorders,  which  are  due  to  paralysis  of 
the  musculo-spiral  nerve  alone,  to  associated  lesions 
of  the  median  and  ulnar  nerves. 

Electrical  Reactions. — We  have  already  pointed  out 
that  the  musculo-spiral  nerve,  whatever  may  be  the 
degree  of  the  lesion  with  which  it  is  affected,  nearly 
always  reacts  by  absolutely  complete  paralysis  of  the. 
extensor  muscles  of  the  wrist  and  of  the  fingers,  with 
the  characteristic  wrist-drop  ;  inabihty  to  extend  the 
wrist  and  the  first  phalanges  of  the  fingers  ;  and 
inabihty  to  extend  and  separate  the  thumb.  Fre- 
quently this  palsy  is  accompanied  from  the  onset  of 
the  injury  by  complete  reaction  of  degeneration,  i,e. 
when  the  electrodes  are  apphed  to  the  most  favour- 
able motor  points,  faradic  non-irritability  of  the  nerve 
and  muscles,  galvanic  non-irritability  of  the  nerve, 
galvanic  hypo-irritability  more  or  less  marked  of  the 
muscles,  with  slowness  of  the  contraction,  inversion, 
or  equality  of  the  polar  formula  and  predominance  of 
the  longitudinal  reaction,  are  noted. 

Muscular  Atrophy. — Muscular  atrophy  which  is 
quite  obvious  from  two  to  three  months  after  the 
injury  should  be  carefully  noted,  for  it  is  most  im- 
portant in  diagnosing  the  gravity  of  the  lesion.  When 
the  nerve  has  been  completely  divided  or  badly 
crushed,  atrophy  of  the  muscle  may  be  so  marked 
seven  or  eight  months  after  the  injury  that  it  looks 

^  Forcible  contraction  of  the  muscles  of  the  thenar  eminence  may 
produce  a  slight  extension  of  the  second  phalanx  of  the  thumb,  but  this 
movement  is  never  as  complete  or  as  strong  as  when  the  long  extensor 
is  spared. 
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as  if  the  skin  and  the  subcutaneous  cellular  tissue 
were  adherent  to  the  posterior  aspect  of  the  two  bones 
of  the  forearm. 


Supraclavicular. 


Circumflex. 


Lesser  intemal 
cutaneous. 


Intercosto-humeral 
nerve. 


ilusculo-spiral. 


Musculo-cutaneous. 


Internal  cutaneous. 


Badial. 
-  Ulnar. 


Median. 


Sapraclavicolar. 


Circumflex. 


Musculospiral. 


Musculo-cutaneous. 


Badial 


Median. 


Fig.  11. — Peripheral  sensory  distribu- 
tion of  the  upper  limb  (posterior 
aspect). 


Fig.  12. — Peripheral  sensory  distribution 
of  the  upper  limb  (external  aspect). 


Sensory  Disorders. — A.  Objective  disturbances. — 
Objective  sensory  disturbances  following  lesions  of 
the  musculo -spiral  nerve  demand  most  minute  exami- 
nation, for  they  are  rather  difficult  to  prove. 
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According  to  the  text-book  descriptions,  the  sensory- 
area  of  the  musculo-spiral  nerve  (figs.  11  and  12)  com- 
pared with  other  nerves  of  the  arm  is  very  extensive, 
and  yet,  from  the  pathological  point  of  view,  in 
lesions  of  the  musculo-spiral,  sensory  disturbances  are 
least  marked,  even  when  the  nerve  has  been  com- 
pletely divided. 

In  the  commonest  cases — lesion  of  the  middle 
third  of  the  arm — the  internal  cutaneous  branch  is 
rarely  involved,  whilst  the  external  cutaneous  is  most 
frequently  affected,  and  in  every  case  lesion  of  the 
fibres  which  form  the  anterior  branch  of  the  musculo- 
spiral  lower  down  should  be  comphcated  by  marked 
sensory  disorders  within  the  region  involved. 

As  a  matter  of  fact,  patients,  of  their  own  accord, 
only  complain  of  slight  numbness  and  loss  of  sensa- 
tion in  the  first  dorsal  interosseous  space  and  on  the 
dorsal  aspect  of  the  thumb. 

Much  less  frequently  they  draw  attention  to  another 
part,  more  difficult  to  define  accurately,  which  is  situ- 
ated on  the  upper  and  back  part  of  the  forearm. 

In  cases  of  lesion  of  the  musculo-spiral  nerve, 
sensibility  should  be  most  minutely  tested  and  with 
extreme  Hghtness  of  touch.  Tactile  disturbances 
should  be  tested  with  a  wisp  of  cotton-wool,  with  the 
slightest  possible  pressure.  These  tactile  disturb- 
ances will  be  found  confined  to  the  area  indicated  in 
figs.  13  and  14.  Sensibihty  to  heat  and  cold  is  im- 
paired in  the  same  area  ;  frequently  there  is  total 
thermal  loss  of  sensibihty,  especially  to  heat.  In 
some  cases  this  thermal  sensibility  is  only  delayed. 
In  testing,  it  may  be  noticed  that  if  the  patient 
hardly  notices,  or  does  not  notice,  heat  and  cold  at 
all  in  the  periphery  of  the  zone  of  dyssesthesia,  he  is 
correct  about  his  tactile  sensations.  Every  time  a  tube 
is  applied  he  feels  the  touch  but  not  the  temperature. 

Sensibihty  to  pin-prick,  except  over  a  very  limited 
area,  is  almost  unaffected  ;  the  patient  feels  each  prick, 
but  always  asserts  that  it  feels  more  like  a  touch  than 
a  prick. 
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To  what  is  this  discrimination  of  sensory  disturb- 
ances in  musculo-spiral  paralysis  due  ?  We  think 
that  it  is  due  to  the  fact  that  this  nerve  contains  but 
a  limited  number  of  sensory  fibres,  and  that  these 
fibres  only  supply  quite  the  superficial  integument,  so 
that  a  somewhat  firm  pressure  acts  on  the  deep 
sensibility,  belonging  to  other  nerves  than  the  musculo- 
spiral.     Belenki^  thinks  that  this  deep  sensibility  in 


Figs.  13  and  14. — Two  frequent  modes  of  distribution  of  sensory 
changes  in  complete  division  of  the  musculo-spiral  nerve.  Black 
area :  complete  anaesthesia,  except  to  deep  pricking,  which  often 
feels  like  a  touch.  Grey  area  :  very  marked  hypaesthesia  to  prick- 
ing, very  superficial  anaesthesia  to  heat,  cold,  and  touch.  Dotted 
area  :  slight  hypaesthesia  to  touch,  heat  and  cold. 

the  area  of  the  musculo-spiral  nerve  in  the  hand 
belongs  to  the  median  nerve. 

No  doubt,  too,  the  assistance  of  adjacent  nerves  and 
the  intercommunication  of  nerves  which  takes  place 
in  the  deep  layers  as  well  as  in  the  superficial  tissue 
should  be  taken  into  account. 

There  is  generally  no  disturbance  in  deep  sensi- 
bility in  musculo-spiral  lesions.  Barsesthesia,  or  per- 
ception of  weight,  remains  unimpaired. 

^  Belenki,  "  Les  symptomes  sensitifs  dans  les  sections  anatomiques 
et  physiologiques  des  nerfs  peripheriques,"  Presse  medicale,  Feb.  17,  1916. 
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Sensibility  of  bone  is  slightly  diminished  in  the 
phalanges  of  the  thumb  ;  this  impairment  of  sensa- 
tion is  still  slighter  over  the  first  metacarpal  bone  and 
the  styloid  process  of  the  radius.  Often  sensibility  at 
the  level  of  the  second  and  third  metacarpal  bones 
is  not  affected  in  the  least,  nor  is  that  of  the  first 
phalanges  of  the  index  and  middle  fingers.  The  sense 
of  position  is  generally  well  preserved,  even  in  the  case 
of  the  thumb. 

B.  Subjective  disturbances  are  rare  in  cases  of 
musculo- spiral  paralysis. 

The  patient  rarely  suffers,  except  from  pain  conse- 
quent on  fracture  of  the  humerus,  ankylosis  of  the 
elbow,  and  from  adhesions.  In  5  out  of  100  cases, 
pricking,  numbness,  and  neuralgic  pain  will  be  com- 
plained of  in  the  region  of  the  external  cutaneous 
branch  on  the  posterior  aspect  of  the  forearm  and  the 
dorsal  aspect  of  the  thumb.  Damp  weather,  walk- 
ing, and  moving  the  injured  limb  aggravate  these 
pains.  They  generally  subside  in  a  few  months, 
though  we  have  seen  a  case  in  which  eighteen  months 
after  injury  these  symptoms  persisted  and  were  even 
exaggerated. 

In  about  1  in  100  cases  of  lesions  of  the  musculo- 
spiral  nerve,  acute  causalgia,  similar  to  that  de- 
scribed in  the  course  of  lesions  of  the  median  nerve, 
has  been  observed. 

In  one  of  these  rare  instances  the  burning  pains 
were  referred  to  the  back  of  the  hand,  which  was  red 
and  "puffy,"  to  use  Sicard's  expression.  There  was 
a  lesion  of  the  upper  part  of  the  musculo-spiral  nerve 
in  the  axilla,  accompanied  by  involvement  of  the 
musculo-cutaneous. 

Frequently,  however,  numerous  painful  spots  at 
the  level  of  the  fracture  of  the  humerus  are  noticed, 
and,  when  the  nerve  is  not  quite  divided,  over  the  head 
of  the  radius  and  all  over  the  posterior  aspect  of  the 
forearm  along  the  course  of  the  external  cutaneous 
fibres.  When  the  lesion  is  of  moderate  severity,  and 
during  the  period  of  restoration  of  the  nerve,  these 
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painful  spots  are  very  frequent :  they  are  much  rarer — • 
though  they  do  occur — in  the  case  of  grave  lesions, 
even  when  the  nerve  has  been  completely  divided. 

Tendon  and  Periosteal  Reflexes  should  be  examined 
by  comparison  with  the  sound  side. 

The  stylo-radial  reflex  is  sometimes  completely 
abolished,  and  then  the  supinator  longus  not  only 
does  not  contract  (the  lesion  in  that  case  being 
situated  above  the  origin  of  its  motor  nerve),  but  the 
biceps  itself  does  not  contract  at  all ;  flexion  of  the 
fingers,  more  or  less  pronounced,  is  the  only  move- 
ment which  occurs,  with  occasionally  flexion  of  the 
wrist.  The  aboHtion  of  this  reflex  is  most  likely  to  be 
met  with  when  the  missile  has  considerably  injured 
the  fleshy  part  of  the  biceps.  It  is  accompanied  by  a 
diminished  sensibility  of  the  bone  at  the  level  of  the 
styloid  process  of  the  radius. 

At  other  times  this  reflex  is  simply  diminished. 
Sometimes  it  is  as  brisk  as,  or  even  brisker  than,  on  the 
sound  side  ;  but  in  these  latter  cases  the  biceps  only 
contracts,  unless  the  supinator  longus  has  escaped. 

When  the  stylo-radial  reflex  has  once  been  abol- 
ished, no  matter  how  well  restored  from  both  motor 
and  electrical  points  of  view  the  long  supinator  has 
been,  this  restoration  does  not  produce  immediate 
reappearance  of  the  reflex  ;  its  contraction  on  per- 
cussion of  the  styloid  process  of  the  radius  is  very 
slow. 

The  ulnar  pronator  reflex  is  sometimes  exaggerated. 

The  biceps  reflex  shows  more  irregular  changes. 
When  the  lesion  is  situated  high  up,  the  reflex  is 
generally  abolished  and  very  rarely  inverted.  When 
there  is  a  lesion  of  the  middle  third  of  the  humerus 
it  is  sometimes  brisk  and  sometimes  normal,  but  more 
often  diminished  ;  especially  when  there  is  a  cicatrix 
of  any  consequence  on  the  body  of  the  muscle,  with- 
out interfering  too  much  with  its  voluntary  or  elec- 
trical contraction. 

The  triceps  reflex  is  just  as  liable  to  be  affected  as 
the  tendo  AchiUis  reflex. 
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EXPLANATION  OF  PLATE  L 

A.  Musculo- spiral  paralysis.  The  hand  seen  from  the  ulnar  side 
is  drooping,  the  uyrist  is  flexed  from  paralysis  of  its  extensors. 

There  is  also  a  distinct  drop  of  the  first  phalanges  of  the  fingers  due 
to  paralysis  of  their  extensors. 

The  thumb  inclines  to  the  palm  of  the  hand ;  the  abductor  longus 
and  the  extensors  of  the  thumb  being  paralysed^  the  predominant 
tension  of  the  thenar  muscles  draws  it  towards  the  ulnar  side  in  a 
moderate  degree  of  adduction  and  opposition. 

B.  Musculo-spiral  paralysis.     Hand  seen  from  the  radial  side. 

C.  On^  of  the  postures  of  the  hand  in  a  case  of  painful  lesion  of 
the  median  nerve. 

The  fingers  being  extended  and  placed  close  together  give  the  hand 
the  appearance  of  the  so-called  "  accoucheur's  hand.''''  In  this  case 
the  flexors  of  the  fingers  are  most  paralysed. 

D.  Associated  lesion  of  median  and  ulnar  nerves.  Clawing  of 
all  the  fingers,  but  most  marked  in  the  little,  ring,  and  middle  fingers. 

Considerable  atrophy  and  flattening  of  the  thenar  and  hypothenar 
eminences. 

The  thumb  is  on  a  level  with  the  other  flngers,  the  palm  of  the  hand 
is  widened  and  resembles  the  "  ape-hand.'" 

Atrophy  of  the  adductor  pollicis  is  seen  ;  the  flabby  skin  makes  a 
large,  soft  fold  in  the  space  between  the  thumb  and  index  finger. 

E.  Eczematiform  eruption,  with  large  crusts  covering  the  hand  and 
fingers  {both  palmar  and  dorsal  aspects)  in  a  case  of  painful  lesion 
of  the  median  nerve. 

The  patient  for  several  months  continuously  made  use  of  wet  dressings 
and  arm  baths  to  relieve  his  pain. 


Clinical  Forms  of  Nerve  Lesions. '\ 


[To  fme  paqe  40. 
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Idioinuscular  Contraction  is  so  liable  to  variations 
that  we  do  not  think  useful  information  on  the  nature 
of  the  lesion  can  be  deduced  from  it. 

In  the  early  stages  of  injury  idiomuscular  con- 
traction is  stronger  ;  especially  if  there  has  been 
fracture  of  the  bone.  Later  on,  it  diminishes  in 
intensity,  the  contraction  is  slower,  and  the  diminu- 
tion is  in  relation  to  the  atrophy  of  the  muscle.  In 
grave  lesions,  idiomuscular  contraction  entirely  dis- 
appears when  there  is  considerable  atrophy. 

Idiomuscular  contraction  of  the  triceps  which  is 
rarely  paralysed  is  nearly  always  strong  ;  but  it  may 
also  be  normal  or  even  diminished. 

Vasomotor  and  Secretory  Phenomena. — Disturb- 
ances of  this  kind  are  absent  or  very  slight,  and  only 
become  important  when  there  is  affection  of  some 
other  nerve  or  considerable  vascular,  osseous,  arti- 
cular, or  muscular  mischief. 

When  the  hand  is  swollen,  purple,  and  succulent 
in  appearance,  inquiry  should  be  made  whether  the 
patient  does  not  always  hold  it  hanging  down,  or  if  the 
apparatus  or  splint  he  is  wearing  to  raise  his  hand  is 
not  unduly  constricting  the  return  oif  the  circulation. 

The  affected  hand  should  be  compared  with  the 
sound  hand  to  eliminate  the  possibility  of  congenital 
acrocyanosis,  which  is  of  frequent  occurrence  and  in 
which  the  symptoms  are  always  bilateral. 

However,  apart  from  any  constriction,  the  hand 
sometimes  appears  oedematous.  This  oedema  is  tran- 
sitory and  probably  due  to  inactivity  of  the  muscles 
on  the  posterior  aspect  of  the  forearm,  contraction  of 
which  normally  aids  in  the  return  of  the  circulation. 
This  inactivity  would  also  account  for  the  induration 
of  the  skin  on  the  posterior  aspect  of  the  forearm, 
which  can  be  easily  noticed  by  pinching  the  skin  of 
that  region  between  two  fingers  in  comparison  with 
the  sound  side. 

Perspiration  is  very  little  affected  by  a  lesion  of 
the  musculo-spiral  nerve.  We  have  sometimes  come 
across  excessive  perspiration  of  the  palm  of  the  hand 
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and  in  the  axilla  on  the  side  affected  ;  but  this  was 
nearly  always  associated  with  a  fractured  humerus, 
much  damage  to  the  bone,  and  prolonged  suppuration. 
In  such  cases  it  is  not  easy  to  point  to  the  exact 
cause  of  the  phenomena. 

Trophic  Disturbances  only  occur  in  association  with 
a  vascular  lesion,  and  are  not  seen  in  ordinary  cases. 
Desquamation  of  the  epidermis,  however,  may  some- 
times be  noticed  at  the  level  of  the  first  dorsal  inter- 
osseous space. 

The  relative  atrophy  of  the  paralysed  hand  is 
mainly  due  to  the  immobility  of  the  limb,  which 
causes  a  diminution  in  size  of  the  entire  hand,  and  to 
the  inward  retraction  of  the  thumb  towards  the  palm, 
which  causes  the  hand  to  shrink.  Decalcification  is 
very  slight  in  musculo -spiral  paralysis  when  there  is 
no  accompanying  destruction  of  the  bones  or  suppura- 
tion of  long  standing. 

Tumour  of  the  wrist  is  an  everyday  occurrence  in 
musculo-spiral  paralysis,  and  bears  no  relation  to  the 
gravity  of  the  lesion.  It  is  due  to  distension  of  the 
ligaments  of  the  wrist,  which  makes  the  second  row  of 
bones  protrude  ;  it  is  also  due  to  thickening  of  the 
synovial  membranes,  of  the  same  nature  as  the  sub- 
cutaneous infiltration  already  mentioned  surrounding 
the  tendons  of  the  extensors. 

The  more  or  less  pronounced  wrist-drop,  charac- 
teristic of  musculo-spiral  paralysis,  depends  on  the 
degree  of  muscular  atrophy  and  the  distension  of  the 
ligaments  of  the  carpus,  as  well  as  on  the  tone  of 
the  muscles,  which  usually  varies  greatly  with  the 
patients. 

RECOVERY  OF  POWER  OF  MOVEMENT.^ 

The  radial  muscles  are  the  first  to  begin  to  contract 
in  the  event  of  recovery  of  the  musculo-spiral  nerve. 

1  In  the  paragraph  dealing  with  recovery  of  motor  power  and  each  nerve 
affected,  we  shall  deal  with  the  recovery  of  motor  power  only ;  recovery 
of  sensibility  and  electrical  contractibility  will  be  specially  dealt  with 
in  the  second  volume  entitled  Treatment  and  Restoration  of  Nerve  Lesions. 
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In  judging  of  the  amount  of  return  of  voluntary 
contraction,  causes  of  error  arising  from  the  assist- 
ance given  by  other  muscles,  and  the  patient's  own 
endeavours  to  use  his  hand,  should  be  eliminated. 

Though  considerably  limited,  the  use  of  the  hand  in 
musculo-spiral  paralysis  is  still  possible.  The  patient 
can  dress  himself  with  his  affected  arm  ;  often  he  can 
hold  a  fork  to  eat  with,  or  even  write  if  clever  and 
energetic.  Some  patients,  when  trying  to  write, 
support  the  affected  right  hand  with  the  left  and  push 
it  along  the  paper.  They  write  slowly  and  the  writing 
is  small.  Others  again,  keep  the  right  hand  still  and 
move  the  paper  with  the  left  as  they  write. 

By  gradually  bringing  into  play  all  the  accessory 
muscles  they  get  unforeseen  assistance. 

To  judge  of  the  extent  of  recovery  in  the  power 
of  movement,  the  paralysed  forearm  should  be  held 
quite  still  on  a  table  and  the  extensor  muscles  of  the 
wrist  and  fingers  should  be  carefully  palpated  whilst 
prescribed  movements  of  extension  are  performed. 
It  should  also  be  borne  in  mind,  as  Duchenne  (of 
Boulogne)  says,  that  voluntary  extension  of  the 
fingers  on  the  metacarpal  bones  is  normally  ac- 
companied by  co-operative  and  involuntary  contrac- 
tion of  the  flexors  of  the  hand ;  so  that  in  the  course 
of  musculo-spiral  paralysis  energetic  contraction  of 
the  flexors  of  the  wrist  simulates  a  slight  elevation 
of  the  wrist  and  is  a  cause  of  error  to  be  avoided. 

Another  reason  for  careful  palpation  of  the  muscles 
of  the  extensors  and  flexors  during  attempted  extension 
is,  that  when  extension  of  the  wrist  is  so  slight  as  to 
be  doubtful,  or  possibly  due  to  the  patient's  6wn 
manoeuvres,  palpation  of  the  muscles  aids  in  prognosis  : 
if  the  muscles  are  felt  to  harden  during  the  attempt 
at  extension,  this  is  a  sign  that  movement  will  shortly 
be  restored. 

The  examiner  must,  however,  satisfy  himself  that 
the  contraction  noted  is  actually  in  the  muscles  and 
not  due  to  mere  tension  of  the  aponeurosis  of  the 
forearm  by  the  epitrochlear  muscles. 
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Further,  he  should  make  sure  that  it  is  the  radial 
or  extensor  muscles  which  are  recovering  their  power, 
by  telling  the  patient  to  raise  his  hand  several  times 
over,  and  during  this  attempt  palpating  the  tendons  at 
the  level  of  the  wrist. 

To  find  out  if  restoration  of  movement  is  impending, 
place  the  patient's  elbow  on  the  table  with  the  fore- 
arm raised  perpendicularly,  and  the  hand  extended  ; 
then  ask  the  patient  to  keep  it  extended  and  not  to 
let  it  drop.  If  the  muscles  are  beginning  to  regain 
their  tone,  the  patient  will  be  able  to  keep  the  hand  in 
position  for  a  few  seconds,  and  in  any  case  the  drop  of 
the  hand  will  not  be  as  sudden  as  in  the  early  stages 
of  the  disease. 

The  following  are  some  of  the  signs  of  impending 
recovery  of  power  of  movement  in  musculo-spiral 
paralysis  described  by  Prof.  Pitres  in  his  report  to 
the  Neurological  Society  :^ — 

1.  Gradual  disappearance  of  automatic  pronation. 
The  forearm  in  musculo-spiral  paralysis  is  kept  in 

pronation ;  if  it  is  placed  in  supination  and  then  re- 
leased, it  promptly  resumes  its  normal  position  as  if 
it  were  moved  by  a  spring.  When  recovery  of  move- 
ment begins,  the  return  to  pronation  is  not  so  sudden. 

2.  Diminution  in  the  sudden  flail-like  drop  of  the 
hand.  When  the  forearm  is  placed  in  a  perpendicular 
position  with  the  elbow  on  a  level,  if  it  is  alternately 
extended  and  flexed  with  the  hand  passive,  the  fall  of 
the  hand  in  extension  is  more  gradual  and  moderate, 
as  it  is  held  up  by  the  tone  of  the  flexors  :  when  it 
occurs  in  flexion,  it  is  more  sudden  and  complete,  as 
the  tone  of  the  extensors  has  been  abolished.  Diminu- 
tion in  the  suddenness  of  the  drop  of  the  hand  in 
flexion  shows  return  of  tone  to  the  extensor  muscles. 

3.  Diminution  of  the  elastic  flexion  of  the  fingers.  If 
you  lay  the  back  of  the  hand  of  a  patient  suffering 

^  "  The  Value  of  Clinical  Signs  in  Injury  to  the  Peripheral  Nerves,  assist- 
ing in  recognition  of  (A)  lesion  of  the  whole  nerve ;  (B)  the  recovery  of  its 
functions,"  Report  to  the  Neurological  Society  at  the  meeting  on  6th  April 
1916,  Eeme  neurol,  April-May  1916,  pp.  486-7. 
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from  musculo-spiral  paralysis  on  the  table,  the  fingers 
remain  semi-flexed  ;  but  if,  after  having  completely 
extended  them,  you  leave  them  alone,  they  promptly 
return  to  the  position  of  semi-flexion.  Diminution  of 
this  automatic  flexion  is  a  sign  that  the  extensors  are 
regaining  tone. 

4.  The  transfer  of  voluntary  motor  impulses  to  the 
antagonists  of  the  paralysed  muscles.  Pitres  says 
that  this  phenomenon  is  noticed  for  a  few  weeks 
before  voluntary  contraction  returns.  When  the 
patient  tries  to  lift  his  hand,  the  wrist  does  not  move  ; 
but  the  fingers  of  the  hand  stiffen  and  there  is  excess 
of  flexion  of  their  first  phalanges,  with  the  result  that 
the  fingers  are  shaped  like  a  spiral  staircase,  of  which 
the  lowest  rung  would  be  represented  by  the  little 
and  the  highest  by  the  index-finger. 

Dr  and  Mme.  Dejerine^  call  this  last  sign  in 
question,  and  regard  this  contraction  merely  as  the 
normally  predominant  action  of  the  interossei  and 
flexors. 

5.  In  addition,  patients  suffering  from  musculo- 
spiral  paralysis,  during  the  early  stages  of  recovery, 
can  extend  the  wrist  when  it  is  placed  in  semi-supina- 
tion  ;  but  if  it  is  in  complete  pronation,  the  greater 
opposition  to  movement  prevents  straightening. 

The  order  in  which  movement  is  restored  to  the 
muscles  is  nearly  always  the  same.^ 

The  common  extensor  is  only  restored  after  the  radial 
muscles.  The  middle,  ring,  and  little  finger  begin  to 
extend  first,  and  lastly  the  index  ;  but  sometimes  it 
is  the  index  and  middle  fingers  which  first  quite  re- 
cover their  movement ;  the  extensors  of  the  thumb 
and  the  abductor  longus  regain  their  power  much 
more  slowly  and  last  of  all. 

The  supinator  longus  generally  recovers  its  move- 
ments before  the  abductor  longus  pollicis.  Whilst 
restoration  is  taking  place,  and  during  attempts  at 

1  Societe  de  Neurclogie,  April  6,  1916. 

^  Pierre  Marie  and  Mme.  Ath.  Benisty,  "  Individualite  clinique  des 
uerfs  peripheriques,"  loc.  cit. 
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extension  of  the  wrist,  frequently  the  supinator 
longus  contracts  vigorously.  This  is  probably  due  to 
a  kind  of  error  in  the  selection  of  the  point  of  entry  of 
the  nerve  influx  (A.  Thomas).  The  branches  given  off 
highest  up  are  not  the  first  to  recover,  as  might  logic- 
ally be  supposed,  from  the  shorter  distance  that  the 
axis-cylinders  would  have  to  traverse  in  the  course 
of  repair. 

In  the  great  majority  of  cases  the  extensors  recover 
their  functions  before  the  supinator  longus.  More 
rarely,  it  recovers  its  movements  first,  or  just  after 
the  radial  muscles. 

Signs  of  Recovery. — When  can  musculo-spiral  para- 
lysis be  said  to  be  cured  ?  As  the  amount  of  move- 
ment recovered  is  defective  for  months,  this  question 
is  one  that  should  be  asked.  It  is  a  long  time  before 
the  patient  can  raise  his  wrist  with  any  vigour  without 
at  the  same  time  flexing  his  fingers  to  some  extent. 
Simultaneous  extension  of  the  wrist  and  all  the  fingers 
seems  to  be  the  final  stage  in  the  recovery  of  voluntary 
movement.  This  applies  also  to  the  separate  extension 
of  each  finger.  Prof.  Pitres  has  suggested  the  two 
following  tests  to  find  out  whether  recovery  from 
musculo-spiral  paralysis  is  complete  : — 

Ask  the  patient  to  put  his  arm  in  the  attitude  of  a 
man  taking  an  oath,  with  wrist  and  fingers  extended 
horizontally,  the  thumb  raised  and  separated  from 
the  first  finger,  and  with  the  tendons  of  the  extensors 
and  of  the  long  abductor  of  the  thumb  marking  out 
the  anatomical  snuffbox  ;  then  ask  him  to  supinate 
his  hand. 

The  second  test  is  simpler  still.  With  the  patient 
standing  in  front  of  him,  the  doctor  should  tell  him  to 
place  his  little  finger  on  the  seam  of  his  trousers  with  his 
fingers  well  extended,  and  with  the  palm  of  his  hand 
turned  to  the  front.  His  musculo-spiral  paralysis  is 
cured  if  he  can  do  this  correctly. 

The  strength  of  the  restored  muscles  returns  very 
gradually  long  after  complete  recovery  of  voluntary 
movement :  it  can  be  measured  by  the  dynamometer. 
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DIAGNOSIS 

Diagnosis  of  musculo-spiral  paralysis  would  be 
simple  enough  if  it  could  not  be  simulated  by  various 
conditions  due  to  war  injuries. 

The  most  curious  condition  is  that  lack  of  power  in 
the  hand  described  by  Henry  Meige  as  "  congealed 
hand."  The  wrist-drop,  though  suggestive  of  musculo- 
spiral  paralysis,  is  neither  complete  nor  limp.  Elec- 
trical reactions  are 
normal  or  sHghtly 
modified  in  this  con- 
dition (fig.  15). 

More  or  less  marked 
drop  of  the  hand  can 
also  be  seen  following 
direct  muscular  lesion 
of  the  radial  muscles 
without  paralysis  of 
the  nerve.  Extensive 
adhesions  may  also  im- 
pede the  action  of  the 
extensor  muscles. 

Finally,  some  vascular  lesions  of  the  tendons  or 
bones  of  the  forearm  cause  marked  ankylosis  of  the 
wrist,  which  simulates  musculo-spiral  paralysis. 

In  painful  lesions  of  the  median  nerve  (see  p.  69) 
of  some  months'  standing,  the  patient  in  his  desire 
to  relax  the  nerve-trunk  and  protect  the  skin  of  the 
palm  of  the  hand,  which  becomes  very  painful,  puts 
himself  into  attitudes  of  defence,  which  most  com- 
monly result  in  ankylosed  flexion  of  the  elbow  and 
wrist.  This  flexion  rather  suggests  musculo-spiral 
paralysis. 

A  correct  diagnosis,  in  the  various  conditions  de- 
scribed, can,  however,  be  formed  after  clinical  and 
electrical  examination. 

Moreover,  some  tests  have  been  suggested  in  a 
monthly  report  to  the  Health  Department  by  Pro- 
fessors Pitres,  Testut,  and  Carrier e  for  dispensing  with 


Fig.  15. — Congealed  hand. 
(H.  Meige.) 
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electrical   examination  in   diagnosing    musculo-spiral 
paralysis. 

The  tests  are  briefly  as  follows  : — 

1.  Clasped  hands.  In  musculo-spiral  paralysis, 
when  the  patient  clasps  his  hands  as  in  prayer,  he  can 
usually  resist  any  attempt  to  unclasp  them,  as  the 
flexors  lock  them. 

In  the  condition  described  as  "  congealed  hand," 
the  various  movements  required  to  carry  out  this  test 
cannot  be  made,  because  the  fingers  are  not  limply 
bent  but  rigid. 

2.  Clapper  test.  In  making  this  test,  the  patient 
claps  the  palms  of  his  hands  together  like  a  clapper, 
his  wrists  representing  the  hinge  of  the  clapper. 
Whilst  he  is  keeping  his  wrists  firmly  fixed  together, 
he  should  be  told  to  separate  his  fingers  :  if  they 
are  paralysed,  they  will  bend  at  once  ;  if  the  wrists 
are  suddenly  separated  afterwards,  the  one  on  the 
paralysed  side  will  immediately  become  flexed  and 
pronated. 

In  the  condition  known  as  "  congealed  hand,"  or 
in  ankylosis  of  the  wrist,  the  affected  hand  cannot  be 
placed  quite  close  to  the  sound  hand  ;  moreover,  if 
the  two  hands  are  separated,  the  fingers  remain  fixed 
and  rigid,  for  the  wrist  only  drops  very  slightly  after 
the  passive  straightening  it  has  undergone. 

3.  Laying  the  hand  flat  on  the  table.  A  patient 
with  musculo-spiral  paralysis  can  lay  the  palm  of  his 
hand  fiat  on  the  table,  but  not  the  back  of  it,  as  the 
fingers  remain  slightly  bent. 

In  the  "  congealed  hand  "  or  ankylosis  the  patient 
can  neither  do  one  nor  the  other. 

4.  The  clenched  fist  sign,  which  we  have  already 
referred  to  above. 

5.  Extension  of  the  thumb  in  abduction  cannot  be 
performed  in  musculo-spiral  paralysis.  The  "  con- 
gealed hand  "  can  sometimes  make  the  movement 
in  spite  of  very  frequent  retraction  of  the  thumb  in 
adduction. 

Finally,  we  should  like  to  urge  the  importance  of 
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most  careful  clinical  and  electrical  examination,  taking 
each  lesion  into  careful  consideration  in  the  course  of 
the  examination,  and  not  being  content  with  a  super- 
ficial diagnosis,  in  cases  of  musculo-spiral  paralysis 
complicated  by  lesions  of  bones,  tendons,  and  joints. 


CHAPTEK  III 

THE  MEDIAN  NEKVE 

Contrary  to  what  is  observed  in  lesions  of  the 
musculo-spiral  nerve,  which  are  manifested  by  a  form 
of  paralysis  which  is  almost  always  identical  in  charac- 
ter, lesions  of  the  median  nerve  give  rise  to  various 
syndromes  which  may  be  divided  into  two  classes 
— gainful  and  painless  lesions.  The  latter  should 
be  subdivided  into  total  and  partial,  or  dissociated, 
paralysis,  for  it  frequently  happens  that  sHght  injuries 
may  cause  a  lesion  of  some  of  the  fibres  only,  without 
involving  the  nerve-trunk  at  all. 

As  we  have  already  mentioned,  it  has  been  defi- 
nitely proved  that  the  branches  intended  for  the  dif- 
ferent muscles  are  quite  distinct  long  before  they  quit 
the  nerve-trunk.^ 

ANATOMY 

The  anatomy  of  the  median  nerve  will  assist  in  explaining  its 
pathology.  This  nerve  is  imquestionably  the  most  important  nerve 
of  the  upper  extremity ;  its  distinctive  functions  are  sensory, 
vasomotor,  and,  as  it  were,  trophic,  as  well  as  motor.  The  only 
other  nerve  that  possesses  these  functions  to  the  same  extent  is 
the  sciatic. 

The  muscles  supplied  by  the  median  nerve  are  the  pronator  radii 
teres,  flexor  carpi  radiahs,  palmaris  longus,  flexor  subUmis  digitorum, 
flexor  longus  poUicis,  flexor  profundus  digitorum,  the  lumbricales 
of  the  second  and  third  fingers,  the  pronator  quadratus,  and,  lastly, 
most  of  the  muscles  in  the  thenar  eminence  (opponens,  abductor 
brevis,  and  the  outer  head  of  the  flexor  brevis  poUicis).     Briefly, 

1  P.  Marie,  H.  Meige  and  Gosset,  "  Les  localisations  motrices  dans  les 
nerfs  peripheriques,"  Academie  de  Medecine,  Dec.  28,  1915. 
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the  median  nerve  is  the  nerve  of  pronation,  flexion  of  the  wrist  and 
fingers,  and  opposition  of  thumb. 

The  two  roots  of  the  median  nerve  embrace  the  lower  part  of  the 
axillary  artery  :  in  the  arm  this  nerve  lies  at  first  on  the  outer  side 
of  the  brachial  artery,  which  separates  it  from  the  ulnar  nerve,  the 
internal  cutaneous  and  its  accessory. 

At  first,  pressed  close  to  the  coraco-brachiaUs,  the  median  nerve 
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iFiG.  16. — Nerves  of  the  arm. 


Fig.  17. — Nerves  of  the  forearm  and  hand. 


in  the  arm  follows  the  internal  border  of  the  biceps,  which  sets  it 
back  against  the  brachialis  anticus.  There  are  no  muscles  on  its 
inner  side,  especially  in  persons  whose  muscles  are  not  well 
developed.  This  inner  side  corresponds  to  the  brachial  aponeurosis 
and  skin. 

I  At  the  bend  of  the  elbow  the  median  nerve  leaves  the  brachial 
artery  and  passes  between  the  two  heads  of  the  pronator  radii  teres. 
In  the  forearm  this  nerve  really  earns   its  name  and  descends  in 
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the  middle  of  the  anterior  aspect  of  the  arm  between  the  flexor 
sublimis  and  the  flexor  profundus  digitorum. 

With  the  exception  of  the  upper  nerve  to  the  pronator  radii  teres, 
and  a  few  twigs  to  the  elbow- joint  which  all  arise  above  the  internal 
condyle  of  the  humerus,  the  median  nerve  gives  off  no  branches 
in  the  arm.  It  is  in  the  forearm,  about  2  cm.  below  the  bend  of  the 
elbow,  that  the  median  supplies  its  principal  muscular  branches. 
The  anterior  branches  supply  the  pronator  radii  teres,  flexor  carpi 
radialis,  palmaris  longus,  and  the  flexor  subhmis  digitorum.  The 
posterior  branches  supply  the  flexor  longus  pollicis  and  the  two 
external  fasciculi  of  the  flexor  profundus  digitorum.  The  anterior 
interosseous  nerve  arises  at  this  level  and  accompanies  the  anterior 
interosseous  artery  along  the  interosseous  membrane :  it  supplies 
the  pronator  quadratus  and  is  lost  in  the  soft  parts  of  the  wrist-joint. 

The  palmar  cutaneous  branch  arises  from  the  median  nerve  at 
the  lower  part  of  the  forearm  just  above  the  wrist ;  it  supplies  the 
thenar  eminence  and  outer  part  of  the  palm  of  the  hand. 

Finally,  at  the  level  of  the  thenar  eminence,  a  little  internal  to 
its  inner  border,  the  nerve  divides  into  six  terminal  branches.  One 
is  a  muscular  branch  which  supplies  the  abductor,  opponens,  and  the 
outer  head  of  the  flexor  brevis  pollicis.  The  others  send  motor  branches 
to  the  first  and  second  lumbricales,  and  supply  the  skin  of  the  thumb, 
index  and  middle  fingers,  as  Plate  III.  (p.  92)  shows. 

Anastomosis  takes  place  between  the  median  nerve  and  most 
of  the  nerves  of  the  arm.  Two  such  anastomoses  are  of  frequent 
occurrence — one  with  the  musculo-cutaneous,  in  the  arm ;  and  the 
other,  in  the  palm  of  the  hand,  with  the  ulnar  nerve.  These  ana- 
stomoses should  be  borne  in  mind,  as  they  may  serve  to  explain 
certain  anomalies  observed  in  the  course  of  lesions  of  the  median 
nerve. 

PHYSIOLOGY 

The  normal  physiology  of  the  muscles  of  the  forearm  and  hand 
may  with  advantage  be  reviewed  in  order  to  thoroughly  understand 
the  functional  disturbances  of  the  muscles  that  complete  section 
of  the  median  nerve  may  cause  (fig.  18). 

The  pronator  radii  teres  pronates  and  flexes  the  forearm,  and 
the  pronator  quadratus  is  also  a  strong  pronator  of  the  forearm. 

Flexion  of  the  hand  on  the  forearm  is  carried  out  by  (1)  the  flexor 
carpi  radialis,  which  flexes  the  outer  portion  of  the  hand  without 
imparting  lateral  movement  to  it;  (2)  the  palmaris  longus,  which 
flexes  the  whole  of  it ;  (3)  the  extensor  carpi  ulnaris,  which  flexes 
the  fifth  metacarpal  more  ;  (4)  the  abductor  longus  pollicis,  though 
not  nearly  to  the  same  extent. 

Flexion  of  the  hand  generally  is  effected  by  the  co-operative 
action  of  these  different  muscles.     In  addition,  the  flexors  of  the 
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hand  contract  sharply  but  involuntarily,  when  there  is  voluntary 
extension  of  the  fingers  on  the  metacarpus. 

Whatever  may  be  said   to   the  contrary,  these  muscles,  even 
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'the  upper  extremity  (anterior  aspect). 


including  the  flexor  carpi  radialis,  give  no  lateral  movements  to 
the  hand. 

The  flexor  sublimis  digitorum  flexes  the  second  phalanx  on  the 
first,  the  third  phalanx  remaining  extended  :  the  flexor  profundus 
digitorum  flexes  the  second  and  third  phalanges  on  the  first.  Their 
action  on  the  first  is  very  weak  or  nil. 

The  synergic  action  of  the  extensors  of  the  hand  and  fingers 
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increases  the  power  of  the  flexors.  Complete  flexion  of  the  fingers, 
as  in  the  action  of  clutching,  is  only  possible  when  the  extensors 
are  contracted  to  the  fullest  extent. 

The  fiexor  longus  pollicis  only  flexes  the  last  phalanx  of  the  thumb. 

The  first  and  second  lumbricales  act  like  the  interossei  into  which 
they  are  inserted  ;  they  cause  flexion  of  the  flrst  phalanges  and 
extension  of  the  second  and  third. 

The  lumbricales  do  not  assist  in  lateral  movement,  with  the 
exception  of  the  first,  which  abducts  the  first  phalanx  of  the  index 
finger  slightly. 

The  muscles  of  the  thenar  eminence  have  been  divided  by  Duchenne 


Abductor  longus 
pollicis. 


Opponens. 

Abductor  brevis 
pollicis. 


Flexor  carpi 
ulnaris. 


Abductor  minimi 
digiti. 

Flexor  brevis 
minimi  digiti. 


Fig.  19. — Muscles  of  the  hand. 


(of  Boulogne)  into  two  groups  :  (1)  Those  which  are  inserted  into 
the  outer  side  of  the  first  phalanx  of  the  thumb  (abductor  pollicis 
and  the  outer  head  of  the  flexor  brevis  pollicis) ;  and  (2)  those 
which  are  inserted  into  the  internal  sesamoid  on  the  inner  side  of 
the  first  phalanx  of  the  thumb  (adductor  transversus  and  inner 
head  of  the  flexor  brevis  polUcis)  (fig.  19). 

The  opponent  pollicis  should  be  considered  separately.  It  flexes 
the  first  metacarpal  sharply  on  to  the  wrist  and  draws  it  inward 
at  the  same  time. 

The  abductor  pollicis  and  the  outer  head  of  flexor  brevis  pollicis  give 
the  first  metacarpal  a  movement  similar  to  that  made  by  the 
opponens  pollicis ;    but  they  simultaneously   extend   the  second 
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phalanx  and  bend  the  first  on  its  outer  side,  making  it  revolve  from 
without  inwards  on  its  axis,  so  that  the  tip  of  the  thumb  is  opposed 
to  the  tips  of  the  first  two  fingers. 

The  outer  head  of  the  flexor  brevis  pollicis  bends  the  first 
metacarpal  and  the  first  phalanx  of  the  thumb  towards  the 
little  finger  more  than  the  abductor  does  :  it  aids  in  opposition 
to  the  ring  and  little  fingers.  It  is  not,  however,  so  useful  as  the 
abductor  brevis,  which  fiexes  the  first  metacarpal ;  anyone  having 
lost  the  use  of  the  abductor  would  be  obliged  to  make  "  a  claw 
hand"  in  order  to  oppose  the  thumb  to  each  of  the  fingers,  i.e. 
to  extend  the  first  phalanges  and  then  to  bend  the  last  two  sharply. 


CuNiCAL  Varieties  of  Lesions  of  the 
Median  Nerve 

We  will  study  the  lesions  of  the  median  nerve  in  the 
following  order  : — 

I.  Painless  lesions. 

A.  Total  paralysis. 

B.  Partial  paralysis. 

II.  Painful  lesions — Causalgia. 

I.  PAINLESS  LESIONS 

A.   Total  Paralysis 

Appearance  of  the  Hand. — When  the  median  nerve 
has  been  completely  divided,  or  when  there  is  a  grave 
lesion  of  this  nerve  due  to  wounds  situated  on  the  inner 
aspect  of  the  arm,  the  patient's  affected  hand  is  seen 
to  be  larger  than  the  sound  one,  owing  to  the  influence 
of  the  adductor  polUcis,  which  puts  the  thumb  on  a 
level  with  the  four  fingers  and  produces  the  so-caUed 
"  ape-hand." 

In  addition,  the  whole  of  the  hand  inclines  slightly 
to  the  ulnar  side  of  the  arm  (figs.  20  and  21).  The 
index  and  the  middle  fingers,  without  being  completely 
extended,  are  more  extended  than  normally.  There 
is  considerable  atrophy  of  the  muscles  of  the  thenar 
eminence,  particularly  of  its  outer  part. 

Motor  Disorders. — After  considering  the  play  of  the 
joints  and  the  density  of  the  adhesions  from  scars,  the 
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EXPLANATION  OF  PLATE  II. 

A.  Ulnar  paralysis  of  the  right  hand  from  lesion  of  the  nerve 
above  the  internal  condyle  of  the  humerus.  The  left  sound  hand  is  for 
comparison. 

Note  complete  absence  of  clawing ; 

Great  toasting  of  the  first  dorsal  interosseous  spaces  ; 
Less  wasting  of  the  last  three  interosseous  spaces  ; 
Impossibility  of  separating  the  fingers  ; 

A  slight  degree  of  abduction  of  the  little  finger  from  paralysis  of 
the  hypothenar  muscles. 

B.  Total  paralysis  of  the  median  and  ulnar  nerves  on  the  right 
side  from  division  of  the  two  nerves  at  the  arm.  Severe  concomitant 
lesion  of  the  brachial  artery. 

Comparison  with  the  left  sound  hand  shows  an  "  ape-hand " 
appearance. 

Considerable  atrophy  of  the  thenar  and  hypothenar  musdes. 

Permanent  abduction  of  the  fingers^  and  a  succulent  and  (Edematous 
appearance  of  their  terminal  phalanges. 

Though  there  is  complete  paralysis  of  the  fiexors  of  the  fingers  and 
interossei,  the  phalanges  of  fingers  and  thumb  are  in  slight  flexion. 

C.  Ulnar  paralysis,  following  paralysis  of  all  the  nerves  of  the  arm, 
due  to  a  reduced  dislocation  of  the  shoulder. 

The  musculo- cutaneous  and  musculo- spiral  nerves  recovered  un- 
eventfully ;  but  there  was  pain  in  the  palm  of  the  hand  and  in  the 
fingers,  with  clawing  of  all  the  fingers,  before  the  median  and  ulnar 
nerves  recovered. 

The  profile  of  the  hand  shows  fiexion  of  the  fingers  and  much  atrophy 
of  the  first  dorsal  interosseous  space. 


Clinical  Fcyrms  of  Nerve  Lesions.] 
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degree  of  movement  will  be  dealt  with.  It  is  best  to 
begin  with  the  shoulder  and  to  study  the  movements 
of  each  of  the  muscles  of  the  arm  in  turn,  no  matter 
what  the  site  of  the  lesion. 

In  cases  of  a  pure  lesion  of  the  median  nerve,  flexion 
and  extension  of  the  elbow  are  not  affected,  and 
supination  is  also  unimpaired. 

Paralysis  of  the  ^pronators. — ^Pronation  is  incomplete 


Fig.  20. — Paralysis  of  the 
median  nerve.  "  Ape- 
hand  "  (dorsal  aspect). 

Fig.  21. — Paralysis  of  the 
median  nerve.  "  Ape- 
hand"  seen  from  palmar 
surface. 


and  defective.  When  the  forearm  is  flexed,  the  patient 
supplements  this  defect  by  holding  his  elbow  out ; 
when  it  is  extended,  he  rotates  the  arm  inward,  with 
passive  pronation  of  the  hand  as  a  result.  In  the  first 
case  the  deltoid  assists  in  pronation,  and  in  the  second 
case  the  subscapularis  comes  into  play.  By  attempted 
extension  of  the  hand  and  fingers,  especially  of  the 
extensor  carpi  ulnaris,  and  perhaps  also  of  the  extensor 
communis,  and  some  apparent  contraction  of  the  long 
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supinator,  the  patient  at  the  same  time  succeeds  in 
pronating  his  hand. 

Paralysis  of  the  palmar  muscles. — When  the  patient 
is  told  to  flex  his  wrist,  and  when,  by  careful  palpation 
of  the  tendons  at  the  bend  of  the  wrist,  this  flexion  is 
opposed,  it  can  be  seen  that  the  tendon  of  the  flexor 
carpi  ulnaris  only  is  much  stretched;  during  this 
movement  the  hand  is  drawn  towards  the  ulna.  The 
palmar  tendons  remain  flaccid  ;  and,  even  when  at 
rest,  the  tendons  of  the  palm  of  the  hand  on  the 
sound  side  are  more  prominent  than  in  the  affected 
hand. 

Paralysis  of  the  flexor  sublimis  and  outer  fasciculi  of 
the  flexor  profundus  digitorum.  — Flexion  of  the  ring  and 
little  fingers  is  fairly  good,  though  weaker  than  normal, 
on  account  of  the  action  of  the  flexor  profundus, 
which  flexes  the  third  phalanx  and  thereby  involves 
the  second. 

There  is  absence  of  flexion  in  the  index  finger,  and  the 
middle  finger  only  makes  a  feeble  attempt  at  this  move- 
ment ;  this  finger  is  usually  influenced  by  the  move- 
ment of  the  ring  finger,  and  its  deep  flexor  may  often 
be  supplied  by  the  ulnar  nerve. 

If  a  patient  whose  median  nerve  is  injured  is  asked 
to  show  his  fist,  the  index  and  middle  fingers  will  be 
seen  to  have  their  phalanges  slightly  flexed.  This 
purely  passive  movement  is  due  to  a  kind  of  influence 
exerted  by  the  fourth  and  fifth  fingers.  If  this  in- 
fluence is  counteracted  by  asking  the  patient  to  flex 
the  index  and  middle  fingers  only,  he  cannot  flex  the 
index  at  all,  and  makes  only  a  slight  movement  with 
the  middle  finger.  This  fact  can  be  plainly  demon- 
strated if  the  forearm  is  prolonged  by  the  hand  being 
held  out  straight  with  the  phalanges  of  the  second  and 
third  fingers  motionless. 

It  should  be  remembered,  too,  that,  in  spite  of  com- 
plete paralysis  of  the  flexor  sublimis  and  the  external 
fasciculi  of  the  flexor  profundus,  when  at  rest  the 
second  and  terminal  phalanges  of  these  fingers  are  not 
over-extended.     Some  tonus  seems  to  persist  in  the 
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flexors,  for  there  is  a  very  slight  tendency  to  flexion 
of  the  joint  of  the  first  and  second  phalanges. 

Adequate  flexion  of  the  first  phalanx  of  the  fingers 
on  the  metacarpus  is  generally  seen,  and  sometimes 
flexion  is  perfect  in  all  the  fingers,  including  the  index. 

Flexion  of  the  first  phalanx  of  the  fingers,  with  ex- 
tension of  the  last  two  phalanges,  is  carried  out  very 
well  by  means  of  the  interossei  in  spite  of  paralysis  of 
the  first  and  second  lumbricales. 

Paralysis  of  the  flexor  longus  pollicis. — Flexion  of 
the  second  phalanx  of  the  thumb  is  impossible,  as  the 
flexor  longus  pollicis  is  paralysed.  This  can  be  readily 
seen  by  first  immobilising  the  first  phalanx. 

Paralysis  of  the  thenar  muscles. — Opposition  and 
abduction  of  the  thumb  are  very  defective.  The 
patient  sometimes  uses  his  adductor  instead  ;  at  other 
times  he  uses  the  inner  head  of  the  flexor  brevis.  By 
means  of  his  adductor  he  is  able  to  bring  his  first  meta- 
carpal into  proximity  with  the  second ;  then  the 
thumb  will  endeavour  to  creep  along  the  first  phalanges 
of  the  fingers,  but  without  definitely  extending  its 
second  phalanx,  and  without  opposing  its  tips  to  the 
other  fingers.  It  makes  only  a  faint  movement  of 
opposition  with  its  inner  border,  and  this  opposition 
is  ineffectual,  as  the  second  and  third  fingers  cannot 
be  flexed,  and  the  thumb  does  not  incline  inward 
enough  to  reach  the  tips  of  the  fourth  and  fifth 
fingers. 

Amyotrophy. — From  .the  earliest  stage  of  the 
injury  marked  flattening  in  the  outer  part  of  the 
thenar  eminence  may  be  noticed.  If  the  lesion 
is  of  some  months'  standing  the  group  of  muscles 
arising  from  the  internal  condyle  is  also  considerably 
atrophied  ;  in  well- developed  subjects  especially  the 
thinness  of  these  muscles  is  in  sharp  contrast  with 
the  prominence  of  the  supinator  longus.  The  skin  is 
colder  at  the  level  of  the  atrophied  muscles. 

Electrical  Changes. — Reaction  of  degeneration  occurs 
in  all  the  paralysed  muscles.  As  time  goes  on  and 
atrophy  increases,   the  lessened  galvanic   irritability 
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of  the  muscles  is  accentuated  to  such  an  extent  that 
in  a  few  months'  time  the  nerve  and  the  muscles 


Superficial  cervical  plexus. 

Oircninflex. 
Inteicostals. 
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Fig.  22. — Peripheral  sensory  distribution  of  the  upper  limb 
(anterior  aspect). 

are  insensible  to  either  the  interrupted  or  constant 
current. 

Sensory  Disorders. — The  sensory  changes  form  an 
interesting  study. 

The    sensory    distribution    of    the    median    nerve, 
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as  shown  in  text-books  (figs.  11  and  22),  is  altered  to 
some  extent. 

Sensibility  over  a  large  area  of  the  skin  of  the 
thenar  eminence  and  over  the  outer  part  of  the  palm 
of  the  hand  may  hardly  be  affected  at  all  in  a  severe 
lesion  of  the  median  nerve. 

Frequently,  too,  the  palmar  aspect  of  the  first 
phalanx  of  the  thumb  and  now  and  then  the  tip  of 


Palm  of  the  hand. 
Fia.  23. 


Back  of  the  hand. 
Fig.  24. 


Distribution  of  sensory  changes  in  severe  lesions  of  the  median  nerve. 
Black :  complete  anaesthesia  to  all  modes  of  sensation.  Grey  : 
hypsesthesia  to  pricking,  anaesthesia  to  heat  and  cold.  '  Dotted 
portion  :  less  marked  hypaesthesia. 

the  thumb  are  not  completely  insensitive  to  stimula- 
tion by  heat  or  pain  (figs.  23  and  24). 

There  is,  however,  nearly  always  complete  an- 
aesthesia in  the  index  finger  on  both  aspects,  princi- 
pally in  the  last  two  phalanges,  and  this  also  applies 
to  the  same  phalanges  of  the  middle  finger. 

Slight  touch,  pressure,  pricking,  heat  and  cold, 
are  not  felt.  In  the  index  finger  the  sense  of  position 
is  usually  abolished.     There  is  complete  anaesthesia 
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to  vibrations  of  the  tuning-fork  in  the  last  two 
phalanges  of  the  index  and  even  the  middle  fingers. 
There  is  frequently  lessened  sensation  in  the  bone  of 
the  terminal  phalanx  of  the  thumb,  and  sometimes, 
too,  of  the  first  three  metacarpals. 

The  stereognostic  sense  is  always  defective  in  the 
outer  half  of  the  hand.  The  patient  cannot  recognise 
the  shape,  consistence,  or  temperature  of  a  thing 
which  is  placed  in  contact  only  with  the  three  first 
fingers.  The  astereognosis  is  due  to  disturbances  in 
superficial  and  deep  sensibility  and  to  motor  changes 
in  the  first  three  fingers.  In  short,  median  paralysis, 
which  is  more  serious  from  the  point  of  view  of 
function  than  paralysis  of  other  nerves  of  the  arm, 
makes  the  thumb  and  index  finger — the  most  import- 
ant fingers  of  the  hand — absolutely  useless,  and  also, 
though  to  a  more  variable  degree,  considerably  affects 
the  middle  finger. 

Sensibility  of  the  ring  finger  is  less  affected,  and 
frequently  there  is  only  diminished  tactile  and  ther- 
mal sensation  over  its  outer  half. 

In  considering  sensibihty,  it  should  not  be  over- 
looked that  there  may  also  be  a  vascular  lesion,  and 
in  that  case  the  intensity  and  distribution  of  the 
sensory  as  well  as  the  vasomotor  and  trophic  charges 
would,  as  we  shall  presently  see,  be  greatly  affected. 

Vasomotor,  Secretory,  and  Trophic  Changes. — In 
many  lesions  of  the  median  nerve  the  hand  is  dis- 
coloured, particularly  the  first  three  fingers.  The 
skin  is  red  or  purple,  dry  and  chapped,  and  the  index 
finger  is  sometimes  even  cyanosed  and  cold,  the 
nails  being  whitish  or  purplish. 

There  is  no  doubt  that  in  most  cases  vasomotor, 
secretory,  and  caloric  conditions  should  be  attri- 
buted to  a  concomitant  vascular  lesion,  which  is  of 
common  occurrence  owing  to  the  proximity  of  nerves 
and  arteries. 

We  shall  refer  to  the  importance  of  this  complica- 
tion later  on.  Examination  of  the  pulse  and  blood 
pressure  with  Pachon's  sphygmomanometer  will  deter- 
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mine  whether  there  is  an  accompanying  arterial 
lesion.  Many  cases  are  seen,  however,  without  this 
comphcation  in  which  the  index  finger  is  red  and 
purple  and  the  skin  dry  and  chapped  in  the  area  of 
the  damaged  median  nerve. 

These  symptoms  are  probably  more  marked  in 
incomplete  lesions  of  this  nerve,  as  we  shall  show 
later.  We  have  never  come  across  very  marked 
trophic  changes  in  the  skin  and  nails  in  severe  damage 
to  the  nerve  when  unassociated  with  a  vascular 
lesion. 

Reflexes. — The  stylo-radial  reflex  is  often  brisk,  with 
marked  contraction  of  the  biceps  and  supinator  longus  ; 
supination  is  exaggerated  a  little  in  consequence 
of  the  weakness  of  the  pronators  and  flexors.  The 
triceps  reflex  is  also  brisk.  The  ulnar  pronator  reflex 
is  rarely  obtained.  The  flexor  carpi  radialis  reflex 
is  absent. 

Idiomuscular    contraction. — Though    at    the    onset 
this  contraction  may  be  strong,  and  even  exaggerated, 
^it   soon   grows  weaker,   and  disappears    entirely    as 
itrophy  increases. 

On  the  other  hand,  percussion  of  the  muscles  in 
ihe  thenar  eminence  at  the  level  of  the  abductor 
)revis  and  opponens  soon  shows  slowness  of  the 
jontraction,  with  delay  in  release  of  the  muscle  again.^ 
""hese  muscles  react  to  mechanical  percussion  as  they 
lo  to  the  galvanic  current. 

When  the  atrophy  is  pronounced,  percussion  pro- 
Luces  no  contraction. 

Recovery  of  Power  of  Movement. — We  are  inclined 
bo  think  that  in  lesions  of  the  median  nerve  the  return 
>f  voluntary  movement  takes  place  in  both  complete 
bnd  partial  paralysis  in  very  much  the  same  way. 
►ut  when  the  nerve  has  been  completely  divided 
bhe  recovery  of  movement  is  so  difficult  and  slow 
lat  we  cannot  say  definitely  how  complete  recovery 
icurs. 

Generally  speaking,  there  is  a  slight  indication  of 

1  Andre  Thomas,  Soc.  de  Biol,  Jan.  22,  1916. 
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partial  recovery  of  sensation  long  before  power  of 
movement  returns,  at  least  as  far  as  the  thumb  and 
middle  finger  are  concerned. 

The  stereognostic  sense  is  very  slow  in  being 
recovered. 

The  pronator  and  palmar  muscles  regain  their 
functional  activity  first,  then  the  flexors  of  the  middle 
finger,  and  afterwards  the  flexor  of  the  thumb. 

Flexion  of  the  index  finger  and  opposition  of  the 
thumb  are  impaired  for  a  very  long  time  ;  even  after 
the  lapse  of  close  on  two  years  we  have  no  experience 
of  cases  of  complete  recovery. 

The  same  precautions  as  were  recommended  to 
judge  how  much  voluntary  movement  has  been 
regained,  and  how  real  the  recovery  is  in  connection 
with  the  musculo-spiral  nerve,  should  be  taken  in  the 
case  of  the  muscles  supplied  by  the  median  nerve. 

To  test  pronation  the  patient's  elbow  should  be 
kept  quite  still  whilst  the  observer  carefully  palpates 
the  muscular  part  of  the  pronator  teres  just  beneath 
the  skin  internal  to  the  middle  part  of  the  supinator 
longus. 

To  test  flexion  of  the  hand  careful  palpation  should 
be  made  both  of  the  fleshy  part  of  the  muscles  and 
of  the  palmar  tendons  at  the  wrist.  The  patient 
should  be  requested  to  carry  out  movements  of 
flexion  to  see  if  the  palmar  muscles  really  contract. 

In  testing  for  the  recovery  of  the  power  of  move- 
ment the  tendency  of  adjacent  muscles  to  give  prompt 
assistance  should  not  be  ignored. 

It  is  a  curious  fact  that  the  extensors  of  the  hand 
and  fingers  have  an  action  which  at  first  might  seem 
paradoxical  in  causing  a  movement  of  flexion  of  these 
segments. 

This  is  particularly  striking  in  associated  lesions 
of  the  median  and  ulnar  nerves. 

Therefore,  when  muscles  of  the  palm  are  examined 
the  hand  should  be  placed  in  prolongation  with  the 
forearm,  after  carefully  correcting  its  inclination  to 
extend. 
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Flexion  of  the  fingers  should  be  tried  segment  by 
segment  after  straightening  the  proximal  phalanx, 
which  is  prone  to  over-extension  during  attempts  at 
flexion  of  the  fingers. 

This  hyper  extension  is  also  very  striking  in  the 
thumb.  When  told  to  flex  the  second  phalanx  the 
patient  flrst  over-extends  and  abducts  the  thumb,  and 
afterwards,  sharply  relaxing  these  muscles,  brings  the 
thumb  back  on  to  itself,  and  its  second  phalanx  makes 
a  slight  passive  movement  of  flexion  on  the  proximal 
phalanx. 

When  the  power  of  movement  in  the  flexor  longus 
poUicis  has  been  regained  to  some  extent,  it  is  well 
to  be  on  one's  guard  against  the  following  manoeuvre 
in  judging  of  the  amount  of  recovery  of  functional 
activity  in  the  opponens  and  abductor  brevis  poUicis. 
The  patient  gets  his  thumb  to  the  base  of  the  ring 
or  even  the  little  finger  in  a  semblance  of  opposition 
by  scraping  it,  as  it  were,  along  the  palm  of  the  hand 
by  means  of  the  adductor  and  inner  head  of  the  flexor 
brevis  pollicis,  the  second  phalanx  being  somewhat 
flexed  by  the  flexor  longus. 

B.  Partial  Paralysis  of  the  Median  Nerve 

Our  statistics  show  that  partial  or  dissociated 
lesions  of  the  median  nerve  are  by  far  the  commonest. 
Considering  the  gravity  of  the  disturbances  to  function 
which  total  lesion  of  this  nerve  causes,  this  is  a 
fortunate  occurrence. 

We  have  already  dealt  fully  with  the  physiology  of 
the  muscles  when  the  median  nerve  is  completely 
divided,  so  that  it  is  superfluous  to  speak  in  any 
detail  about  the  method  of  examining  voluntary 
movement  in  cases  of  partial  lesion. 

Motor  Disturbances. — Methodical  examination  of 
the  movements  themselves  should  not  be  begun 
until  accessory  causes  which  might  account  for  the 
loss  of  power  have,  as  usual,  been  eliminated,  such 
as  articular  lesions  and  cicatricial  adhesions. 
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Flexion  of  the  index  finger  is  the  most  defective 
movement,  though  opposition  of  the  thumb  is  very 
poor  too. 

There  is  very  frequently  imperfect  flexion  of  the 
middle  finger,  and  absence  of  this  movement  alto- 
gether in  the  second  phalanx  of  the  thumb. 

The  pronators  and  flexors  of  the  wrist,  however, 
are  either  not  affected  at  all  or  very  slightly  paralysed.^ 

In  cases  of  partial  paralysis  it  is  very  easy  to  see 
how  patients  assist  in  placing  the  thumb  in  opposition, 
if  the  flexor  longus  is  intact,  by  slowly  moving  it 
along  the  base  of  the  other  fingers. 

Sometimes  the  opponens  pollicis  is  only  sKghtly 
affected,  the  abductor  brevis  being  more  so  ;  opposi- 
tion, though  only  awkward  and  partial,  is  then,  how- 
ever, still  possible. 

Why  are  the  flexors  of  the  wrist  and  the  pronators 
so  relatively  unimpaired  when  the  flexors  of  the 
fingers  are  so  frequently  involved  ? 

The  answer  probably  is  that  the  branches  intended 
for  the  flexor  subhmis  digitorum  (particularly  those 
fibres  serving  the  index  finger)  and  the  branch 
supplying  the  thenar  eminence  are  larger  on  account 
of  the  importance  of  the  prehensile  movements  of 
the  two  first  fingers. 

But  it  must  chiefly  depend  on  the  arrangement 
of  these  branches  in  the  nerve-trunk  and  on  the 
position  of  the  wounds.  The  fibres  of  the  flexors 
of  the  fingers  are  situated  at  the  inner  edge  of  the 
nerve  :  ^  the  fibres  for  the  thenar  muscles  occupy 
the  anterior  part  of  the  nerve  in  its  passage  into  the 
arm.  In  the  forearm  the  fibres  incline  towards  the 
radial  side  of  the  median  nerve. 

We  have  come  across  a  case  in  which  the  median 
nerve  was  injured  by  the  irritation  of  a  callus  sur- 
rounding a  fractured  humerus  on  the  outer  and 
posterior   border   of   the   nerve.     The   flexor   longus 

^  Pierre  Marie  and  Mme.  Athanassio-Benisty,  "  Individualite  clinique 
des  nerfs,"  Societe  de  Neurologic,  March  15,  1915, 
*  Pierre  Marie,  Henry  Meige,  and  Gosset,  loc.  cit. 
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pollicis  and  the  pronators  were  involved,  the  other 
muscles  being  intact.  Flexion  of  the  index  finger 
alone  was  imperfect,  possibly  on  account  of  a  lesion 
of  the  flexor  profundus  of  that  digit. 

It  is  rare  for  the  external  border  of  the  median 
nerve  to  be  affected  ;  the  internal  border  is,  however, 
very  often  injured,  and  this  accounts  for  the  frequent 
paralysis  of  the  flexors  of  the  fingers  in  the  many 
cases  of  penetrating  wounds  of  the  inner  side  of  the 
arm. 

Sensory  Disturbances. — Sensory  disturbances  in 
partial  lesions  of  the  median  nerve  are  slight. 
Hypsesthesia  is  the  general  rule ;  anaesthesia  is  excep- 
tional, and  when  present  only  affects  the  last  two 
phalanges  of  the  index  finger.  Tactile  sensation  and 
sensibility  to  heat  and  cold  are  most  affected. 

Bone  sensibility,  sense  of  position,  and  perception 
of  pricks  are  merely  diminished. 

The  stereognostic  sense  is  defective  in  the  outer 
half  of  the  hand  mainly  because  of  the  loss  of  func- 
tional activity  in  the  muscles  ;  but  as  soon  as  the 
thumb  can  be  di'awn  towards  the  palm  of  the  hand, 
the  patient  can  feel  the  temperature  and  consistence 
of  any  object  put  in  his  hand  :  he  recognises  its 
substance,  and  often  succeeds  in  identifying  it  after 
some  delay. 

Vasomotor,  Secretory,  and  Thermal  Disturbances. — 
In  partial  paralysis  uncomplicated  by  any  vascular 
lesion,  vasomotor  and  secretory  troubles  are  con- 
siderable. The  skin  is  cyanosed ;  it  is  colder, 
and  perspires  more  than  the  healthy  part  of  the 
hand. 

Electrical  Reactions  are  very  variable.  Stimulation 
of  the  nerve-trunk  itself  often  causes  pronation  and 
flexion  of  the  hand. 

The  palmars  and  pronators  which  frequently  react 
to  the  faradic  current  give  a  slow  contraction  with 
the  galvanic  current,  and  the  same  may  be  said  of 
the  flexor  longus  and  of  the  thenar  muscles. 

Very  careful  electrical  examination  of  these  muscles 
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should  be  made :  the  thenar  muscles  often  react 
well  to  a  fairly  strong  faradic  current  when  stimula- 
tion of  the  nerve-trunk  itself,  just  above  the  wrist, 
only  produces  a  single  contraction  of  the  interossei 
and  of  the  adductor  on  account  of  the  current  being 
diffused  into  the  ulnar,  without  causing  any  con- 
traction of  the  thenar  muscles  themselves. 

Reflexes. — The  bone  and  tendon  reflexes  do  not 
require  any  special  description,  though  the  ulnar 
pronator  reflex  and  the  flexor  carpi  radialis  reflex 
are  present,  and  may  even  be  brisk.  Idiomuscular 
contraction  is  usually  strong,  but,  it  may  be  slower 
in  the  thenar  muscles. 

Recovery. — Recovery  of  sensory  functions  is  quicker 
than  recovery  of  motor  power  in  partial  lesions  of 
the  median  nerve.  Sensation  to  heat  and  cold  is 
the  last  to  return.  The  index  finger  is  the  slowest 
in  recovering  full  sensation,  especially  in  the  terminal 
phalanx :  for  a  long  time  the  patient  feels  as  if  he 
had  cotton  gloves  on  when  he  touches  an  object.  We 
have  already  referred  to  the  gradual  recovery  of 
power  of  movement. 

Signs  of  Recovery. — The  median  nerve  may  be 
considered  quite  restored  when  the  patient  can  go 
through  Pitres'  test — i.e.  when  with  his  hand  laid  * 
flat  on  the  table,  palm  downward,  he  can  scratch 
the  wood  of  the  table  with  his  index  finger  without 
moving  his  wrist. 

Clenched-fist  sign  (Claude). — A  second  sign  of 
recovery  of  the  median  nerve  is  when  the  patient 
can  firmly  clench  his  fist  with  the  fingers  well  flexed 
into  the  palm  of  the  hand,  and  with  the  thumb  firmly  * 
pressed  on  to  the  dorsal  aspect  of  the  second  phalanx 
of  the  middle  finger. 

DIAGNOSIS 

There  is  no  disorder  which  can  simulate  total  or 
partial  paralysis  of  the  median  nerve  barring  actual 
lesions  of  the  epitrochlear  and  thenar  muscles,  divi- 
sions of  the  nerve,  cicatricial  or  tendinous  adhesions 
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due  to  a  wound,  or  fracture  of  the  forearm  or  palm 
of  the  hand. 

Apart  from  electrical  examination,  Pitres'  tests  for 
musculo -spiral  paralysis  are  useful  in  diagnosing 
lesions  of  the  median  nerve. 

The  test  of  the  hands  crossed  in  an  attitude  of 
prayer  would  show  whether  the  flexors  were  affected, 
as  the  index,  middle  finger,  and  thumb  on  the  side 
where  the  median  nerve  is  injured  would  not  be 
able  to  clasp  the  hand  perfectly  nor  to  move  freely. 

The  clapper  test  could  be  performed  correctly,  for 
only  the  extensors  are  involved  in  the  movement. 

Laying  the  back  of  the  hand  flat  on  the  table  and 
also  laying  it  palm  downward  can  be  done  perfectly. 

But  the  same  cannot  be  said  of  the  clenched-fist 
test,  as  the  middle  and  particularly  the  index  fingers 
cannot  be  completely  flexed  into  the  palm,  and  this 
prevents  the  fist  closing  and  the  subsequent  locking 
of  the  thumb  on  to  the  dorsal  aspect  of  the  articula- 
tions of  the  phalanges  of  the  second  and  third  fingers. 

Briefly,  the  symptoms  of  paralysis  of  the  median 
nerve  are: — 

1.  Inability  to  fle.x  the  phalanges  of  the  index 
finger  and  the  second  phalanx  of  the  thumb. 

2.  Difficulty  in  flexing  the  phalanges  of  the  middle 
finger. 

3.  Defective  opposition  of  the  thumb. 

n.  PAINFUL  LESIONS  OF  THE  MEDIAN  NERVE 
A  very  large  number  of  lesions  of  the  median  nerve 
present  an  entirely  different  character,  the  pre- 
dominant feature  in  such  cases  being  pain.  This 
painful  type  ^  of  lesion  was  noticed  during  the 
American  War  of  Secession  by  Weir  Mitchell,  who 
described  its  intensity  and  character  under  the  name 
of    Causalgia,^  and    attributed    it    to    an    ascending 

^  Pierre  Marie  and  Mme.  Ath.-Benisty,  "  Une  forme  douloureuse  des 
lesions  du  nerf  median  par  plaie  de  guerre,"  Acadhnie  de  Medecine, 
March  16,  1915. 

^  From  the  Greek  Kaiw,  "I  burn,"  from  which  the  word  "  caustic  " 
is  derived. 
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neuritis.  According  to  Weir  Mitchell,  this  form  of 
neuritis  might  develop  in  any  nerve  and  gradually 
attack  all  the  other  nerves  of  the  affected  limb  :  in 
addition,  it  might  induce  a  cutaneous  dystrophy, 
exposing,  as  it  were,  the  terminal  nerve  organs  sub- 
serving the  sense  of  touch,  and  this  would  account 
for  the  burning  pain  complained  of. 

But  in  reality  it  has  been  proved  by  surgical  inter- 
vention that  this  ascending  neuritis  develops  most 
frequently  in  the  region  of  the  median  nerve,  and 
is  due  to  lesions  affecting  that  nerve  exclusively. 

In  the  lower  extremity  the  same  painful  neuritis 
may  be  caused  by  the  internal  popliteal  nerve.  When 
a  lesion  of  the  ulnar  nerve  is  accompanied  by  this 
intense  pain,  it  is  either  due  to  an  associated  lesion 
of  the  median  or  else  to  injury 
of  the  brachial  plexus  affecting 
both  ulnar  and  median  nerves. 

Pain  in  lesions  of  the  musculo- 
spiral  nerve  is  very  rare.^ 

The  appearance  of  the  hand 
is  important  enough  to  be  de- 
scribed in  detail. 

The  patient  holds  his  elbow  in 
an  attitude  of  flexion,  with  the 
wrist  curved  slightly  inward,  the 
hand  always  raised,  the  fingers 
extended,  with  occasionally  hy- 
perextension  of  the  terminal 
phalanges  ("  cup  hand  "). 

The  thumb  is  in  as  perfect  ad- 
duction and  opposition   as  the 
condition  of  the  thenar  muscles 
will  allow. 
The   hand  is  emaciated,    atrophied   all   over,   and 
refined  and  slender  in  appearance  in  contrast  to  the 
sound  one. 

The  fingers  are  thin  and  tapering,  the  nails  being 

1  Henry  Meige  and  Mme.  Ath.-Benisty,  "  Les  formes  douloureuses  des 
blessures  dea  nerfs,"  Societe  de  Neurol,  July  1,  1915. 


Fig.  25. — Painful  type  of 
wounds  of  the  median 
nerve.  Dorsal  aspect 
of  hand. 
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convex  and  pink.  The  skin,  which  is  very  fine,  is 
white  on  the  back  of  the  hand  and  tends  to  be  pink 
in  the  palm,  with  ^sometimes  a  deposit  of  deeper 
red  pigment  at  the  edges  of  the  thenar  eminence  and 
the  base  of  the  fingers.  Over  the  back  of  the  fingers 
the  skin  is  drawn,  and  it  is  creased  and  wrinkled  trans- 
versely in  the  palm  of  the  hand. 

In  many  cases  this  colour  and  appearance  of  the  skin 
are  confined  to  the  region  of  the  median  nerve,  and  are 
in  sharp  contrast  with  the  neighbouring  ulnar  region. 

Motor  Disturbances. — These  are  usually  slight. 
Total  paralysis  of  all  the  muscles  situated  below  the 
wound  is  of  rare  occurrence. 

On  the  other  hand,  however,  we  have  never  seen 
this  painful  lesion  without  some  weakness  in  move- 
ment. This  is  localised  in  the  flexors  of  the  fingers, 
particularly  of  the  index  finger  and  the  thenar  muscles, 
thus  rendering  the  movement  of  opposition  of  the 
thumb  rather  difficult.  The  flexor  longus  poUicis,  the 
palmar  muscles,  and  the  pronators  may  be  involved 
in  more  serious  cases. 

The  majority  of  cases  are  of  moderate  severity,  and 
the  impairment  of  movement  then  depends  as  much 
on  the  pain  as  on  the  weakness  of  the  muscles  ;  so 
that  between  the  attacks  of  pain,  movement  becomes 
so  much  easier  as  to  allow  the  patient  to  grasp  an 
object. 

Secretory  Changes. — Perspiration  is  diminished  all 
over  the  outer  part  of  the  hand  and  in  the  first  three 
fingers,  though  it  is  often  increased  over  the  dorsal 
aspect  of  the  fingers.  Sometimes  there  is  no  per- 
spiration at  all,  making  the  skin  so  harsh  and  dry  that 
it  chaps  and  scales  ofl. 

In  other  cases  perspiration  is  increased,  and  large 
beads  of  sweat  appear  all  over  the  cutaneous  area  of 
the  median  nerve,  which  is  in  strong  contrast  with  that 
of  the  ulnar  region,  where  the  sMn  is  browner  and 
drier. 

Muscular  Atrophy  is  less  marked  than  in  total 
paralysis,  and  is  onty  apparent  in  the  thenar  eminence  ; 
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but,  to  compensate  for  this,  there  is  always  some 
atrophy  of  the  muscles  of  the  limb  situated  above  the 
lesion,  and  not  supplied  by  the  median  nerve. 

Sensory  Disturbances. — A.  Subjective  sensibility. — 
By  far  the  most  striking  symptom  is  pain.  Very  few 
patients  state  that  the  pain  began  at  the  time  of  the 
injury.  Those  who  felt  great  pain  when  struck  by  the 
missile,  and  have  suffered  from  it  ever  since,  maintain 
that  paroxysms  of  pain  only  came  on  a  few  days  after 
the  wound  was  inflicted. 

Most  patients  had  little  pain  in  the  early  stages, 
and  only  complain  of  it  from  one  to  three  weeks  after 
the  wound.  The  pain  begins  with  formication  and 
pricking  at  the  ends  of  the  fingers,  followed  by  a  burn- 
ing and  smarting  sensation  in  the  tips  of  the  fingers 
and  palm  of  the  hand ;  for  it  is  the  hand  only  that  is 
affected — pain  is  exceptional  anywhere  else. 

This  pain  becomes  more  and  more  intense,  and  gives 
the  patient  no  rest  ;  the  whole  of  the  hand  seems  to 
smart  horribly.  When  the  patient  describes  the  posi- 
tion of  his  pain  more  precisely,  he  refers  it  to  a  semi- 
circle extending  from  the  root  of  the  thumb  to  the  root 
of  the  index  and  middle  fingers.  The  base  of  the  index 
finger  is  particularly  painful  ;  then  the  patient  com- 
plains of  the  tips  of  the  fingers,  especially  the  index 
and  middle  fingers.  The  thumb  is  occasionally  very 
painful,  but  it  may  be  as  little  affected  as  the  little 
finger,  which  is  always  unaffected  in  pure  lesions  of 
the  median  nerve.  Many  patients  point  to  the  third 
interosseous  space,  the  inner  side  of  the  middle  finger, 
and  the  outer  side  of  the  ring  finger  as  the  most  pain- 
ful spots  ;  i.e.  where  the  terminal  cutaneous  branches 
of  the  median  nerve  end. 

Different  expressions  are  used  to  describe  this  pain. 
Some  patients  compare  it  to  a  burning  sensation  ( Caus- 
algia  of  Weir  Mitchell),  to  pin- pricks,  to  a  red-hot  iron, 
to  piercing,  grinding,  and  dragging  of  the  flesh  ;  nearly 
all  describe  it  as  a  throbbing  pain,  which  recurs  at  fairly 
long  intervals. 

The  attacks  of  pain  are  paroxysmal.     The  incessant 
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pain,  which  dates  from  the  early  months  of  injury,  and 
which  never  ceases,  even  at  night,  suddenly  increases 
in  intensity  owing  to  causes  which  the  unfortunate 
patient  delights  in  describing  in  the  minutest  detail. 

An  attack  is  usually  brought  on  or  prolonged  by 
bending  the  hand  down ;  so  patients  always  keep  it 
up.  Exposure  to  air,  dry  heat  (particularly  a  hot 
atmosphere),  noise,  sudden  and  bright  light,  deep 
breathing,  coughing,  sneezing,  and  laughing  have  the 
same  effect.  Emotional  causes  soon  come  into  play, 
such  as  the  sight  of  a  wide,  open  expanse,  an  empty 
space,  looking  out  of  a  window  or  descending  a  stair- 
case, meeting  a  relative,  the  doctor's  visit — in  fact,  any 
emotion  is  said  to  increase  the  pain.  Then  the  condi- 
tion becomes  aggravated  ;  the  patients  can  no  longer 
bear  to  see  their  fellow-patients  play  or  to  hear  them 
laugh,  because  they  are  afraid  of  an  accident  ;  a 
comrade  walking  across  a  polished  floor  on  crutches, 
the  sight  of  anyone  leaning  out  of  a  window,  a  work- 
man on  a  roof,  the  flight  of  an  aeroplane,  or  anything 
that  suggests  the  possibility  of  a  fall  or  giddiness,  in- 
tensifies this  pain. 

Patients  so  affected  are  dismal,  pale,  and  waxen, 
with  intermittent  fits  of  flushing,  covered  with  per- 
spiration, and  martyrs  to  insomnia.  They  escape 
from  noise,  avoid  society,  and  remain  curled  up  in 
their  beds  or  on  a  sofa  in  peculiar  attitudes  of  defence, 
with  the  arm  bent  up  and  motionless,  and  the  body 
often  curved  round  towards  the  affected  hand. 

Shortly  after  the  wound,  patients  notice  that  the 
burning  heat  of  the  hand  is  allayed,  if  only  temporarily, 
by  cold  water,  so  they  place  their  hand  under  the  cold- 
water  tap,  with  the  result  that  soon  they  cannot  get 
on  without  a  wet  bandage  round  their  burning  hand, 
which  is  hyper  aesthetic.  They  will  not  allow  the 
doctor  to  touch  their  hand  until  he  has  moistened  his 
fingers,  and  they  prefer  to  remove  their  own  wet 
bandages  or  damp  gloves  by  themselves.  This  phobia 
of  dryness  tends  to  increase.  They  cannot  touch  any- 
thing with  their  other  hand  without  first  wetting  their 


74       CLINICAL  FORMS  OF  NERVE  LESIONS 

fingers.  Even  the  epidermis  of  their  feet  becomes 
hypersesthetic.^  One  of  these  patients  asserted  that 
he  could  not  walk  barefoot  unless  he  wetted  the  soles 
of  his  feet  at  every  fifth  step  ;  and  that  his  hair  could 
only  be  combed  after  having  been  well  damped. 
Occasionally  attacks  of  pain  are  brought  on  by  merely 
seeing  someone  touch  a  dry  thing,  such  as  a  brick  or 
a  bar  of  iron.  Rustling,  sharp,  and  shrill  noises,  such 
as  a  knife-grinder  makes,  accentuate  the  pain. 

Weir  Mitchell  reports  a  case  of  a  patient  with  caus- 
algia  who  could  only  walk  when  his  boots  had  been 
filled  with  water,  on  the  pretext  that  it  deadened  the 
shock  of  each  step. 

Walking,  in  fact,  is  a  cause  of  pain  to  these  patients, 
and  often  occasions  more  intense  pain  in  the  arm, 
elbow,  and  forearm  than  in  the  hand. 

This  pain  reaches  its  height  four  or  five  months 
after  injury  ;  then  it  gradually,  and  very  slowly, 
diminishes  in  severity.  Sometimes  this  phobia  lasts 
as  long  as  nearly  two  years  after  injury,  and,  though 
it  may  become  less  acute,  patients  still  persist  in 
wrapping  their  hands  up  in  wet  bandages. 

Some  of  them  state  that  they  do  not  perspire  as 
much  as  they  used  to  do  before  their  injury,  and  that 
this  accounts  for  the  distressing  dryness.  Others,  on 
the  contrary,  say  that  the  surrounding  heat,  which 
makes  them  perspire  and  increases  moisture  of  their 
bodies,  causes  much  discomfort,  which  reacts  by  pain 
in  the  affected  hand. 

Other  patients,  again,  manage  to  do  without  water, 
being  content  with  a  dressing  of  cotton- wool ;  but  these 
are  the  less  serious  cases,  in  which  perspiration  is  only 
slightly  diminished  or  even  exaggerated. 

B.  Objective  sensibility. — The  areas  affected  by  these 
disturbances  vary  considerably.  Sometimes  the  entire 
region  of  the  median  nerve  is  involved  ;   sometimes  it 

^  A.  Souques  calls  this  phenomenon  synaesthesalgia.  See  his  paper 
entitled  "  Synsesthesalgia  in  certain  forms  of  Painful  Neuritis :  its 
Treatment  by  Rubber  Gloves,"  Soc.  de  Neurol.,  May  6,  1915.  Rev. 
Neurol.,  July  1915,  p.  562. 
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is  only  the  index  or  middle  finger,  or  the  outer  part  of 
the  palm  of  the  hand ;  or,  finally,  the  greatest  loss  of 
sensation  may  be  found  on  the  inner  side  of  the  middle 
and  the  outer  side  of  the  ring  finger. 

Tactile  anaesthesia,  or  hypsesthesia,  generally  speak- 
ing, is  confined  to  the  most  painful  spots.  It  should 
be  tested  with  a  wisp  of  cotton- wool,  as  the  slightest 
pressure  may  cause  hyper sesthesia.  Pricking,  in  fact, 
occasions  very  marked  hypersesthesia  in  the  area  of 
the  median  nerve  on  the  back  and  in  the  palm  of  the 
hand  ;  whereas  the  pain  may  be  diminished  by  deep 
pressure  on  the  whole  of  the  hand  and  fingers. 

Hypaesthesia  to  heat  and  cold  is  always  present, 
though  heat  often  causes  painful  hyper aesthesia, 
which  may  be  wrongly  interpreted. 

The  sense  of  position  and  the  sensibility  of  bone 
are  more  or  less  affected. 

The  stereognostic  sense  is  greatly  impaired,  and 
sometimes  entirely  absent,  even  when  there  is  enough 
movement  left  in  the  fingers  to  facilitate  palpation. 
In  other  instances  things  may  be  recognised  after  a 
very  long  delay. 

Pressure  on  the  nerve-trunk  is  painful  below,  and 
very  often  above,  the  site  of  the  wound. 

The  most  sensitive  spots  are  at  the  junction  of  the 
upper  extremity  and  the  inner  border  of  the  thenar 
eminence  (point  of  election)  ;  at  the  root  of  the  second 
and  third  fingers,  and  in  their  interspaces  ;  along  the 
whole  course  of  the  nerve  in  the  wrist  and  forearm  (in 
the  middle  of  the  radio -carpal  joint,  and  the  middle  of 
the  anterior  aspect  of  the  forearm)  ;  immediately  in- 
ternal to  the  tendon  of  the  biceps  ;  and,  finally,  along 
the  internal  bicipital  groove,  in  the  arm.^ 

Involuntary  Movements. — Two  other  peculiarities 
are  characteristic  of  this  type  of  hand — slight  irregular 

^  This  hyperalgesia  of  the  nerve  can  frequently  be  detected  by  the 
faradic  current :  when  the  electrodes  are  applied  to  the  course  of  the 
median  nerve  in  the  forearm,  intense  pain  is  felt,  in  sharp  contrast  with 
the  tingling  sensations,  which  can  easily  be  borne,  occasioned  by  the 
same  current  on  the  adjacent  skin. 
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tremor  of  the  thumb  and  index  finger  in  particular, 
but  noticeable  in  all  the  fingers  (Henry  Meige).  It 
increases  when  the  patient  tries  to  move  his  fingers, 
and  when  the  attacks  of  pain  come  on. 

It  gradually  diminishes  as  the  fingers  ankylose,  or 
as  improvement  takes  place.  But  in  severe  cases  per- 
manent involuntary  movements,  which  are  sometimes 
constant  and  sometimes  variable,  occur,  and  may 
persist  for  months. 

Such  a  case  will  present  involuntary  and  sometimes 
clonic  movement,  which  lasts  for  a  long  time,  and 
consists  in  flexion  of  the  third  and  fourth  fingers  on  the 
metacarpals.  This  movement  will  then  be  followed 
by  a  jerking  lateral  motion  of  the  middle  towards  the 
index  finger. 

In  other  cases  the  thumb  presents  movements  of 
laterality  or  opposition  ;  or  the  index  finger  moves 
towards  the  palm  of  the  hand. 

Thermal  Symptoms. — The  patient  complains  that 
his  hand  is  always  hot,  and  at  times  burning  ;  its 
temperature  is,  in  fact,  a  few  degrees  higher  than  that 
of  the  other  hand,  at  some  moments  at  least.  Less 
commonly,  he  complains  of  attacks  of  sudden  chilling 
of  the  hand.  The  blood  pressure,  measured  by 
Pachon's  sphygmomanometer  at  the  time  of  a 
paroxysm,  is  increased  by  half  a  degree  or  a  degree  in 
comparison  with  the  sound  side,  but,  generally  speak- 
ing, even  in  young  people,  the  tension  is  pretty  high 
(18-19-22). 

Changes  in  the  Reflexes. — The  tendon  and  osteo- 
periosteal reflexes  of  the  upper  extremity  are  usually 
brisker  than  on  the  sound  side,  but,  on  account  of  the 
pain  they  cause,  their  action  is  not  easily  examined. 
We  have,  however,  come  across  cases  in  which  they 
were  diminished,  or  even  completely  abolished. 

Idiomuscular  contraction  is  also  brisk. 

EVOLUTION 

Improvement  in  the  pain  is,  as  we  have  already  said, 
spontaneous. 
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In  voluntary  movement  there  is  either  no  change 
at  all  or  only  very  slow  progress.  Frequently  this 
function  gets  even  worse  as  time  goes  on. 

Attitudes  of  defence,  e.g.  holding  back  the  whole  of 
the  arm  in  flexion — a  favourite  position  with  patients 
— cause  irreducible  ankylosis,  with  very  pronounced 
retraction  and  crowding  of  the  fingers,  which  render 
the  limb,  and  particularly  the  hand,  quite  useless  (see 
figs.  26,  27,  28). 

Atrophy  of  the  hand  is  progressive  and  generalised. 


Fig.  26. — Painful  type  of  wounds  of 
the  median  nerve ;  condition  of 
hand  twenty  months  after  injury. 
Marked  ankylosis  and  deformity 
of  the  terminal  phalanges  and 
nails. 


Fig.  27.— Aspect  of  the  hand 
in  the  painful  type  of  wounds 
of  the  median  nerve,  showing 
deformity  of  fingers  and  nails. 

.  Ankylosis  of  wrist  in  hyper- 
flexion. 


The  skin  is  finer  ;  the  epidermic  elevations  having 
disappeared,  the  deeper  layers  appear  shrunk  ;  the 
skin  becomes  more  and  more  creased  and  wrinkled 
on  the  palm  of  the  hand,  but  stretched  over  the  dorsal 
aspect  of  the  fingers.  It  is  red  and  blotchy  in  places, 
especially  at  the  base  of  the  first  three  fingers.  Some- 
times, though  this  is  rare,  there  is  a  hyperkeratosis  of 
the  palm  at  the  base  of  the  fingers,  which  become 
increasingly  thinner  and  more  tapering. 

The  nails  are  bulging,  thickened,  and  streaked  with 
transverse  or  longitudinal  striae.     Sometimes  they  grow 
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out  of  all  proportion  and  curve  inward  ;  the  skin  of 
the  nail  bed  grows  up  and  attaches  itself  to  the  nail, 
which,  as  it  grows,  drags  it  along  with  it  and  causes 
still  more  pain  (fig.  29).  The  tips  of  the  fingers 
become  swollen  and  show  slight  clubbing,  the  sides  of 
the  nails  tending  to  lap  over  the  grooves  in  which 
they  are  embedded. 

The  hand  becomes  so  fine  and  drawn  in  appearance 
that  it  looks  as  if  atrophy  had  spread  to  the  bones. 
Skiagrams  show  very  marked  decalcification  of  the 
phalanges  (Sicard's  "  osteoporotic  hand  "). 


Fig.  28. — ^Appearance  of  fingers 
and  nails  in  the  painful  type 
of  lesions  of  the  median  nerve. 


Fig.  29. — Catenulate  and  striated 
nails  in  the  painful  type  of  lesions 
of  the  median  nerve. 


PATHOGENY 

Although  it  is  intended  in  the  second  volume  of 
this  work  to  deal  with  anatomical  lesions  of  the 
nerves,  their  restoration  and  treatment,  we  shall  now 
describe  the  results  of  surgical  intervention  from  the 
anatomical  and  therapeutic  point  of  view,  and  the 
different  varieties  of  treatment  that  have  been  used 
in  cases  of  causalgia  of  the  median  nerve  ;  for  this 
information  will  help  to  elucidate  the  pathogeny  of 
this  painful  lesion,  which  is  so  unlike  other  forms  of 
paralysis. 

Gosset's  operations  for  causalgia  in  the  hand,  per- 
formed on  several  patients  in  Prof.  Pierre  Marie's 
wards,  have  shown  that  the  median  nerve  is  only 
slightly  affected. 
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At  one  time  it  might  be  slightly  swollen  or  indur- 
ated and  greyer  for  some  distance  ;  at  another  it 
was  found  to  be  constricted  by  a  more  or  less  tight 
fibrous  band,  or  the  nerve  might  be  cedematous,  red, 
and  congested. 

In  such  cases  as  these  the  surgeon  merely  freed  the 
nerve,  and  the  course  of  the  disease  was  not  affected 
by  the  operation.  In  another  case,  in  which  the 
median  nerve  did  not  respond  to  stimulation  by  an 
electric  current  during  the  operation,  Prof.  Pierre 
Marie  had  the  swelling  on  the  nerve  torn  apart;  the 
pain  was  better  on  the  following  day,  and  in  a  week's 
time  had  almost  entirely  disappeared. 

Histological  examination  is  indispensable  for  the 
study  of  the  changes  that  occur  in  the  nerve,  but,  as 
resection  is  not  required  in  this  type  of  lesion,  this 
examination  was  not  undertaken,  and  the  histological 
changes  in  the  nerve  are  still  unknown. 

Various  forms  of  treatment  were  tried.  First,  the 
nerve  was  freed,  but  without  much  result  ;  then, 
palliative  treatment,  such  as  hot  air,  hot  baths  to 
the  arm,  the  constant  current,  and  ethyl-chloride 
spray,  but  all  with  no  effect. 

When  causalgia  could  be  traced  to  a  lesion  of  a 
nerve-trunk,  treatment  was  applied  to  the  nerve- 
trunk  itself. 

Some  neurologists  have  made  use  of  radio-therapy. 

Cestan  and  Paul  Descomps  did  so  systematically  in  the 

Neurological  Department  of  the  XVII.  Region  ^  with 

marked  success  in  painful  lesions  of  the  median  nerve  ; 

improvement  was  less  pronounced  in  the  case  of  the 

sciatic  nerve,  perhaps  because  the  latter  is  less  easy 

to  get  at.     The  technique  adopted  was  as  follows  : — 

1  milliampere  with  a  hard  tube  (the  hardness  of  the 

tube  is  important),  Rays  VIII.-IX.     Aluminium  filter 

[of  1  mm.     The  anode,  at  a  distance  of  20  cm.  from 

I  the  skin,  applied   for  a   quarter  of  an  hour  once   a 

*week. 

In  Prof.  Pierre  Marie's  ward,  Dr  Grunspan  has  also 

^  Presse  medicale,  November  25,  1915. 
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been  successful  in  the  use  of  radio-therapy  for  these 
painful  nerve-lesions. 

But  as  this  treatment  could  not  always  be  relied 
upon,  other  methods  had  to  be  resorted  to. 

In  very  severe  cases,  Prof.  Pitres,  reviving  an  old 
practice  of  Weir  Mitchell's,  performed  section  of  the 
nerve  itself  in  the  case  of  the  sciatic,  as  the  median 
nerve  was  too  important  from  a  motor  point  of  view 
to  have  section  performed.  In  a  painful  lesion  of  the 
internal  popliteal,  section  of  the  posterior  tibial  was 
made  at  the  level  of  the  internal  malleolus,  i.e.  at  a 
point  where  this  nerve  had  already  supplied  its  main 
muscular  branches.  The  operation  relieved  the  pain 
in  the  sole  of  the  foot. 

Sicard,  however,  tried  to  perform  section  of  the 
median  nerve  at  5  cm.  above  the  lesion,  suturing  it  at 
once  to  prevent  injury  to  its  function,  but  with  only 
partial  relief  of  the  pain. 

He  next  injected  alcohol  into  the  nerve-trunk,  with 
good  results.  The  injection  should  be  made  2  or  3 
cms.  above  the  seat  of  lesion  and  into  all  the  branches 
of  the  painful  nerve-trunks,  in  case  of  a  painful  lesion 
in  a  nerve  plexus.  A  general  anaesthetic  should  be 
given,  and,  after  exposing  the  nerve  and  freeing  it 
from  the  surrounding  cicatricial  tissue,  the  injection 
should  be  made  with  a  fine  syringe  of  a  1-c.c.  cube  of 
sterilised  alcohol  at  60  per  cent.  It  should  be  steri- 
lised by  tyndallisation  in  closed  ampoules  to  preserve 
the  strength  of  the  alcohol. 

When  the  injection  has  been  properly  carried  out 
an  oedematous  swelling  forms  and  the  nerve-trunk 
assumes  a  characteristic  pearly- white  colour  at  once. 

Alcohol  at  60  per  cent,  only  interferes  for  a  limited 
period  with  the  function  of  motion,  which  returns  in 
from  six  to  eight  months.  The  relief  of  pain  resulting 
from  this  treatment  is  quite  remarkable. ^ 

1  Sicard,  "  Traitement  de  la  nevrite  douloureuse  du  median  pai: 
I'alcoolisatioii  tronculaire  sus-lesionnelle,"  Soc.  Med.  des  Hop.,  July  9j 
1915  ;  "  Traitement  de  certaines  algies  et  acrocontractures  rebelles  par 
I'alcoolisation  nerveuse  locale,"  ibid^,  December  17,  1915. 
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Finally,  Leriche  adopted  an  ingenious  method.  He 
tore  asunder  the  periarterial  sheath  of  the  synapa- 
thetic  in  a  case  of  lesion  of  the  brachial  plexus  with 
excruciating  causalgia  and  vasomotor  changes  which 
pointed  to  a  lesion  of  the  axillary  artery,  the  result 
of  the  operation  being  that  the  pain  was  greatly  re- 
lieved. 

Causalgia  was  first  observed  in  1813  by  Alex. 
Denmark,  then  by  Paget,  and  finally  by  Weir  Mitchell, 
who  has  given  a  remarkable  description  of  it.  He 
attributed  the  pain  to  an  inflammatory  process 
beginning  at  the  seat  of  injury  and  advancing  up  the 
nerve  to  the  spinal  cord  ;  it  involved  the  adjacent 
nerves,  caused  a  kind  of  atrophy  of  the  skin  of  the 
hand,  making  it  "  glossy  "  and  exposing  and  setting 
on  edge  its  sensory  areas — Whence  the  cutaneous  hyper- 
sesthesia  complained  of.  It  is  quite  certain  that  in 
the  term  "  causalgia  "  Weir  Mitchell  included  both 
the  more  or  less  acute  pain  met  with  in  vascular 
lesions  associated  with  injuries  of  the  peripheral  ends 
of  the  nerves,  and  also  the  causalgia  due  to  lesion 
of  the  trunks  of  the  median  and  internal  popliteal 
nerves,  in  the  course  of  which  the  "  glossy  "  skin 
characteristic  of  vascular  lesions  is  rarely  seen. 

The  pathogeny  of  these  painful  lesions,  therefore, 
stiU  needs  investigation. 

At  a  meeting  of  the  Paris  Neurological  Society  on 
1st  July  1915,  when  Henry  Meige  and  ourselves  re- 
opened a  discussion  on  painful  nerve  lesions  and  their 
treatment,  we  drew  attention  to  two  facts  : — 

1.  The  structural  peculiarity  of  the  area  affected  by 
causalgia  (palm  of  the  hand,  sole  of  the  foot). 

2.  Congested  appearance  of  the  nerve-trunk  noticed 
by  several  surgeons  and  neurologists  during  operations 
for  these  painful  lesions  of  the  median  and  sciatic 
nerves.  On  one  or  two  occasions  Gosset  saw  some 
fine  arterioles  penetrating,  and  as  it  were  separating, 
the  nerve. 

We  have  also  pointed  out  that  the  median  and 
sciatic  nerve-trunks  possess  not   only  a  special  peri- 

6 


82       CLINICAL  FORMS  OF  NERVE  LESIONS 

pheral    area    but    also    a    most    important    vascular 
system  of  their  own. 

We  were  afterwards  led  to  study  the  part  played 
by  the  sympathetic  system  by  reason  of  the  throbbing 
nature  of  the  pain,  its  intensity  and  analogy  with 
the  different  visceral  neuralgias,  its  influence  on  the 
mind,  and  careful  study  of  the  histological  conditions 
of  the  skin  and  its  adnexa  (i.e.  sensory  terminals, 
sweat  and  sebaceous  glands,  capillaries  of  the  papillae 
of  the  skin,  etc.). 

It  is  easy  to  define  the  share  this  system  takes  in 
the  case  of  the  sciatic,  as  it  is  known  that  most  of  the 
vasomotor  fibres  of  the  lower  extremity  accompany 
this  nerve. 

This  fact  has  been  confirmed  by  Claude  Bernard's 
classical  experiment,  in  which  he  performed  section 
of  the  sciatic  nerve  on  a  rabbit  and  afterwards 
noticed  active  vasodilatation  of  the  blood-vessels  of 
the  foot  with  local  rise  of  temperature. 

Physiological  experiments  on  the  upper  extremity 
have  not  been  as  numerous  or  as  definite. 

It  is  known  that  a  sympathetic  plexus  surrounds 
the  axillary  artery  and  its  collateral  and  terminal 
branches,  but  less  is  known  about  the  sympathetic 
fibres  which  follow  the  nerve-trunks  of  the  limb. 
Nor  is  it  known  which  nerve  of  the  arm  has  most  of 
these  fibres. 

At  the  meeting  of  the  Neurological  Society  on  6th 
January  1916,  Leriche,  in  recommending  the  treat- 
ment we  mentioned  above,  raised  the  question 
whether  his  case  was  not  probably  one  of  neuritis  of 
the  periarterial  sympathetic,  as  the  vascular  lesion 
was  so  apparent  and  pronounced. 

This  ingenious  supposition  should  be  correct  as 
regards  the  acute  symptoms  which  are  sometimes 
present  in  vascular  lesions  associated  with  lesions  of 
peripheral  nerves. 

But  how  can  we  explain  either  the  painful  forms  of 
greater  severity  following  lesions  of  the  median  nerve 
in  the  absence  of  any  vascular  lesion,  and  in  which  the 
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blood-pressure  is  by  no  means  diminished,  or  cases  of 
causalgia  due  to  injury  of  the  median  nerve  in  the 
forearm  and  wrist  at  a  spot  where  no  important 
artery  accompanies  the  nerve  ? 

Neither  does  the  hypothesis  of  a  sympathetic  peri- 
arterial neuritis  explain  the  painful  lesions  of  the 
great  sciatic  nerve  caused  by  a  wound  of  the  thigh 
or  buttock.  Our  present  view  is  that  in  the  obstinate 
types  of  purely  nervous  origin — the  only  types  under 
consideration — we  are  concerned  with  inflammation  of 
the  fibres  of  the  sympathetic  system  following  the  nerve- 
trunks  themselves  and  supplying  the  glands,  capillaries, 
and  nerve-endings  of  the  different  layers  of  the  skin> 

Do  these  sympathetic  fibres  which,  when  irritated, 
give  rise  to  all  the  symptoms  described  above,  prefer 
the  nutrient  artery  of  the  median  nerve  ;  do  they  mix 
with  the  other  fibres  of  the  nerve ;  or  do  they  prefer 
the  course  of  the  sensory  fibres,  as  seems  to  be  proved 
in  the  case  of  the  sciatic  nerve  ?  We  cannot  say 
definitely. 

Then,  having  taken  for  granted  irritation  of  the 
fibres  of  the  sympathetic,  how  can  we  explain  the 
causalgia  and  the  vasomotor  and  trophic  changes 
which  accompany  it  ;  and  what  can  the  nature  of 
the  irritation  be  which  brings  about  such  important 
changes  in  the  structures  of  the  hand  situated  at  such 
a  distance  from  it  ? 

A  long  time  ago  histology  showed  us  that  the  sensory 
erve-fibres  of  the  skin  have  special  end  organs  called 
corpuscles  or  organs  of  touch,  named  after  those 
authors  who  first  described  them,  viz.  Pacinian  cor- 
puscles, Ruffini's  endings,  Meissner's  tactile  corpuscles, 
organs  of  Golgi-Manzoni,  Dogiel,  etc. 

The  precise  function  of  each  of  these  corpuscles  or 
organs  is  not  known,  nor  whether  they  bear  special 
relation  to  touch,  pain,  heat,  etc. 

It  has  been  accepted,   somewhat  arbitrarily,  that 

1  Henry  Meige  and  Mme.  Ath.-Benisty,  "Les  signes  cliniques  des  lesions 
de  I'appareil  sympathique  et  de  I'appareil  vasculaire  dans  les  blessures 
des  membres,"  Presse  medicale,  April  6,  1916. 
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the  painful   sensations   were  taken   up   by   the   free 


Fig.  30. — Nervous  structure  Fig.  31. — Nervous  structure  of  a  Meissner's 

of  a  Pacinian  corpuscle.  corpuscle.     (After  Ruffini. ) 

(After  Timofeew.)  j^    Myelinated  fibre  ending  in  a  nervous 

A,  Central  myelinated  fibre  expansion. 

of  spinal  origin.  B,  Above.     Organ  of  Timofeew  connected 

B,  Organ    of     Timofeew  with  a  non-myelinated  fibre, 
formed  by  a  network  of 

amyelinated  fibrils,  pro- 
bably of  sympathetic 
origin. 

sensory  terminations  in  the  skin.     But,  as  a  matter 

of  fact,  the  question  still  remains  very  obscure,  and 
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further  physiological  investigation  is  required  in  sup- 
port of  this. 

However  this  may  be,  it  should  be  remembered 
that  these  corpuscles  are  par- 
ticularly numerous  in  the  palm 
of  the  hand  and  sole  of  the  foot. 

The  corpuscles  described  by 
Meissner,  as  essentially  tactile, 
only  occur  in  the  hand  and  foot, 
while  the  Pacinian  corpuscles, 
which  are  much  more  wide- 
spread, are  very  numerous  in 
these  situations. 

Kauber,  who  counted  1051  in 
half  the  body,  apportioned  414 
to  the  hand,  275  to  the  foot, 
and  only  362  to  the  remainder 
of  the  superficial  integument. 

A  few  details  of  the  histo- 
logical structure  of  these  cor- 
puscles should  be  referred  to. 

In  1895,  Timofeew  first  de- 
scribed a  peculiar  arrangement 
of  the  nervous  tissue  in  some 
Pacinian  corpuscles,  in  which 
around  the  large  central  nerve 
fibre,  representing  the  termina- 
tion of  a  sensory  fibre,  he 
found  a  net -work  of  nerve 
fibrillse  encircling  the  end  organ  without  anastomosing 
with  it  (fig.  30). 

Other  histologists  have  noticed  this  same  arrange- 
ment in  other  sensory  corpuscles,  and  Ruffini  noted  it 
around  Meissner's  corpuscles  (fig.  31). 

All  sensory  corpuscles  of  the  skin,  therefore,  have 
two  kinds  of  fibres  :  one  central  and  the  other  peri- 
pheral, the  latter  encircling  the  former  in  an  irregular 
manner. 

Ruffini  concludes  from  his  own  histological  observa- 
tions and  those  of  his  predecessors,  that,  in  addition 


Fig.  32. — Cap  of  nerve-fibrils 
covering  a  capillary  loop. 
(After  Ruffini.) 
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to  the  terminal  nerve-fibre  contained  in  the  sensory 
corpuscles  of  man,  there  is  a  network  of  fibrillce  with 
special  morphological  characteristics  connected  with  this 
termination  by  continuity  or  contact.^ 

Moreover,  Ruffini  considers  too  that  the  central  ter- 
mination in  which  a  large  myeUnated  nerve-fibre  ends 
might  arise  from  the  cerebro-spinal  nerve-fibres,  whilst 
the  peripheral  fibrillse,  springing  from  a  fine  fibre,  not 
always  provided  with  a  visible  myelin  sheath,  might 
originate  in  the  sympathetic. 

We  are  therefore  inclined  to  think  ^  that  an  irritation 
of  the  nerve-trunk  in  the  wound  is  transmitted  by  the 
centrifugal  fibres  to  the  sensory  corpuscles  of  the  skin. 
These  corpuscles  being  continually  irritated  in  this 
manner,  would  cause  the  intense  pain  which  occurs  at 
times  spontaneously,  and  at  others  is  due  to  external 
causes,  such  as  contact,  jarring,  variations  in  tempera- 
ture or  in  the  circulation  of  the  limbs,  or  to  emotion 
of  any  kind.  These  causes  affect  the  vascular  tension 
generally,  and  particularly  the  groups  of  small  capil- 
laries which  abound  in  the  papillae  of  the  skin,  the 
glomeruli  of  the  glands,  and  the  sensory  corpuscles. 

Finally,  anything  that  can  modify  vascular  tension 
in  the  body  reacts  on  the  nerve  lesion  by  impressions 
varying  in  intensity  and  frequency  on  the  fibres  of  this 
nerve.  These  fibres  are  neither  motor  nor  sensory, 
but  take  a  centrifugal  course,  and  are  distributed  to 
the  various  layers  of  the  skin  and  subcutaneous  tissues. 

Some  of  these  fibres  have  probably  a  trophic  action. 
As  in  the  case  of  vasomotor  fibres,  their  irritation  causes 
active  vasodilatation  in  a  succession  of  waves,  con- 
siderable rise  in  local  temperature,  and  atrophy  and 
impairment  of  nutrition  of  all  the  tissues,  such  as  might 
be  brought  about  by  an  increase  in  local  combustion. 

The  trophic  state  of  the  skin,  subcutaneous  cellular 
tissue,  bones,  and  nails  is  affected  in  a  very  different 
manner  from  what  is  seen  subsequent  to  arterial  lesions 
due  to  constriction  or  occlusion. 

1  Testut,  Anat.  descriptive,  tome  iii.  p.  314. 

*  Henry  Meige  and  Mme.  Ath.-Benisty,  Presse  medicale,  April  6,  1916. 
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In  short,  the  vasomotor  and  trophic  changes  follow- 
ing the  vascular  lesions,  which  we  shall  describe  further 
on,  are  a  kind  of  necrobiosis,  and  take  the  form  of  a 
diminution  in  the  vitality  of  the  tissues  ;  whilst  the 
trophic  and  vasomotor  changes  in  the  painful  type 
correspond  to  an  overactivity  of  the  process  of  nutri- 
tion and  a  disturbance  in  the  growth  of  the  tissues. 

Of  what  nature,  then,  is  this  nerve  lesion  ?  In  most 
cases  the  onset  of  causalgia  is  not  connected  with  sup- 
puration of  the  wound,  which  has  frequently  healed  in 
a  few  days  and  has  not  suppurated  at  all. 

But  supposing  there  is  only  a  moderate  amount  of 
suppuration  from  the  wound,  the  nerve  itself  may  still 
have  an  inflammatory  focus,  for  its  tissue,  as  far  as 
can  be  seen  during  operations  performed  on  a  number 
of  wounded,  is  oedematous,  red,  and  congested  in 
appearance.  Later  on  there  may  also  be  an  indura- 
tion of  a  few  centimetres  in  extent,  which  reduces  the 
diameter  of  the  nerve,  or  else  there  may  be  thickening. 

Does  not  this  appearance  suggest  subacute  or  chronic 
inflammation,  on  which  interstitial  sclerosis  has  super- 
vened ? 

This  is  merely  a  hypothesis,  as  we  are  still  unable 
to  explain  the  real  morbid  process  in  the  lesion. 

However  this  may  be,  the  motor  fibres  are  httle 
affected,  and  paralysis  is  rarely  serious  ;  but  the  lesion 
irritates  the  nerves,  as  evidenced  by  the  tremor,  invol- 
untary movements,  and  constant  twitching  of  some  ' 
fingers.  ^ 

The  fibres  most  affected  are  the  vasomotor,  secretory, 
and  perhaps  also  the  trophic,  which  provide  nutrition 
for  all  the  tissues  supplied  by  the  nerve. 

In  conclusion,  we  consider  the  intense  pain  and  the 
vasomotor  and  trophic  changes  accompanying  it  due 
to  what   appear   to  be  trivial  lesions   of  the   nerve-    , 
trunks,  probably  inflammatory  in  nature. 

We  think  that  these  lesions  particularly  affect  the 
vasomotor,  secretory,  and  trophic  fibres  of  all  the 
tissues  served  by  this  nerve.  The  stronger  fibres, 
such  as  the  motor,  are  only  slightly  interfered  with  by 
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this  irritative  process,  as  may  be  seen  by  the  paresis, 
tremor,  and  twitching  ;  other  fibres,  such  as  the  secre- 
tory, may  in  some  cases  be  entirely  destroyed,  but 
the  great  majority  undergo  a  kind  of  irritation,  which 
reacts  on  the  capillaries  of  the  papillae  of  the  skin,  on  the 
sensory  corpuscles,  the  skin-glands,  the  subcutaneous 
cellular  tissue,  the  joints  and  bones,  etc.,  resulting  in 
the  complex  of  symptoms  described  by  Weir  Mitchell 
under  the  term  "  Causalgia." 

The  course  of  these  centrifugal  fibres  referred  to  is 
either  the  periphery  of  the  nerve-trunk  or  along  its 
sensory  fibres,  and  probably  also  to  a  great  extent  that 
of  its  most  important  nutrient  arteries. 

Bourguet's  recent  investigations  (Societe  d^  Biologies 
April  5,  1915)  have  shown  that  the  median  nerve  re- 
ceives a  branch  from  the  brachial  artery,  which  pene- 
trates it  and  accompanies  it  for  a  long  distance  down 
the  arm.  In  the  forearm  the  ulnar  supphes  it  with  an 
important  branch,  the  artery  of  the  median,  which  ac- 
companies the  nerve  along  its  whole  course.  Finally, 
the  branches  of  the  median  nerve  in  the  hand  are  sup- 
plied by  a  number  of  arterioles,  independent  of  those 
already  mentioned. 

However,  considering  the  frequent  anastomosis  with 
fibres  of  the  sympathetic,  we  are  inclined  to  hope  that, 
in  some  cases,  Leriche's  operation,  which  consists  in 
tearing  apart  the  periarterial  sympathetic  sheath,  will 
be  beneficial  to  the  disorders  of  the  sympathetic  fibres 
contained  in  the  nerve-trunk  itself. 


CHAPTER  IV 

THE  ULNAR  NERVE 

Judging  by  the  functions  of  the  muscles  to  which  it 
is  distributed,  the  ulnar  nerve  would  appear  to  be 
the  inner  branch  of  the  median  :  injury  to  it  causes 
disturbances  to  movement  and  objective  and  sub- 
jective symptoms  ;  the  latter,  though  not  so  marked  as 
in  the  case  of  the  median,  are  nevertheless  character- 
istic and  fairly  constant. 

ANATOMY 

The  ulnar  nerve  arises  from  the  inner  head  of  the  median  in  the 
axilla  behind  the  lower  border  of  the  pectoralis  minor  (see  fig.  16). 
It  lies  in  close  relationship  to  the  axillary  artery  and  median  nerve 
on  its  outer  side,  and  to  the  axillary  vein  and  internal  cutaneous 
nerve  on  its  inner  side. 

In  the  arm  the  ulnar  nerve  follows  the  internal  bicipital  groove 
between  the  biceps  in  front  and  the  brachialis  anticus  behind.  Here 
the  nerve-trunks  can  be  easily  distinguished  and  palpated,  especially 
in  thin  subjects  ;  they  can  be  rolled  about  under  the  aponeurosis 
covering  the  arm,  the  skin,  and  subcutaneous  cellular  tissue. 

A  little  above  the  internal  condyle  of  the  humerus  the  nerve, 
passing  backwards,  pierces  the  inner  head  of  the  triceps  and,  after 
passing  through  this  muscle,  reappears  on  the  posterior  aspect  of 
the  elbow  in  the  groove  between  the  internal  epicondyle  and  the 
olecranon,  where  it  can  again  be  felt  on  palpation. 

It  then  passes  on  to  the  anterior  aspect  of  the  forearm  between 
the  two  heads  of  the  flexor  carjji  ulnaris. 

At  about  8  cm.  below  the  bend  of  the  elbow  (fig.  17)  it  is  joined 
by  the  ulnar  artery.  For  about  10  cm.  it  is  covered  by  the  thick 
layer  of  the  epitrochlear  muscles,  and  lies  on  the  flexor  profundus 
digitorum  :   then  it  becomes  more  and  more  superficial. 

It  is  only  in  the  forearm  that  the  ulnar  nerve  gives  off  important 
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branches,  viz.  muscular  branches  near  the  elbow,  to  the  flexor  carpi 
ulnaris  as  it  passes  between  its  two  heads,  and  a  little  lower  at  the 
upper  third  of  the  forearm  to  the  inner  half  of  the  flexor  profundus 
digitorum. 

The  dorsal  cutaneous  branch  arises  four  fingers'  breadths  above  the 
wrist ;  it  runs  downwards,  inwards,  and  backwards,  and  it  supplies 
the  skin  on  the  inner  side  of  the  back  of  the  hand,  the  dorsal  aspect 
of  the  little  finger,  and  part  of  the  dorsal  aspect  of  the  ring  and 
middle  fingers  (fig.  33). 

At  the  wrist  the  ulnar  nerve,  which  is  now  very  superficial,  is 


Fig.  33. — ^Distribution  of  the  nerves  on  the  dorsal  aspect  of  the  hand. 


on  the  outer  side  of  the  pisiform  bone,  and  immediately  below  this 
bone  divides  into  its  two  terminal  branches. 

The  superflcial  branch  supplies  the  skin  of  the  hypothenar 
eminence,  and  furnishes  the  last  three  collateral  nerves  of  the 
fingers  (fig.  33).  It  gives  a  small  muscular  branch  to  the  palmaris 
brevis. 

The  deep  branch,  which  is  muscular,  passes  between  the  abductor 
and  flexor  brevis  minimi  digiti,  and  runs  very  deep  down  in  close 
relationship  with  the  metacarpals  and  interossei,  accompanied  by 
the  deep  palmar  arch.  It  sends  motor  filaments  to  all  the  muscles 
of  the  hypothenar  eminence,  to  the  two   inner  lumbricales,   to  all 
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the  palmar  and  dorsal  interossei,  and  then  ends  by  supplying  the 
adductor  pollicis  and  the  inner  head  of  the  flexor  brevis  pollicis. 

Anastomosis  of  the  ulnar  with  the  median  nerve  occurs  twice — 
in  the  hand  by  means  of  its  superficial  palmar  branch,  and  inside 
the  flexor  brevis  pollicis  muscle  by  means  of  its  deep  palmar  branch. 

PHYSIOLOGY 

The  ulnar  nerve  supplies  most  of  the  muscles  of  the  hand. 

The  flexor  carpi  ulnuris  is  one  of  the  flexor  muscles  of  the  wrist ; 
it  inclines  it  to  the  inner  side,  but  imparts  no  movement  of  adduction. 
The  opinion  of  Duchenne  (of  Boulogne)  is  quite  correct. 

The  two  inner  heads  of  the  flexor  profundus  digitorum  flex  the 


Fig.  34. — Palmar  interossei. 


Fig.  35. — ^Dorsal  interossei. 


second  phalanges,  and  particularly  the  terminal  phalanges  of  the 
ring  and  little  fingers. 

A  brief  description  of  the  anatomy  will  make  the  physiology  of 
the  interossei  clearer. 

The  interossei  are  seven  in  number  :  four  dorsal  and  three  palmar; 
figs.  34,  35,  and  36  show  their  insertions. 

The  lower  tendons  of  both  these  sets  of  muscles  are  attached  to 
the  extensor  tendon. 

The  dorsal  interossei,  which  are  the  most  important,  have  a  lower 
tendon  which  is  divided  into  two  portions.  The  short  portion 
is  attached  to  the  upper  extremity  of  the  first  phalanx  on  the  side 
corresponding  to  the  metacarpal  bone,  where  the  insertion  of  this 
muscle  is  more  widespread  ;  the  long  portion  expands  into  a  long, 
wide  membrane  which  ends  in  the  tendon  of  the  corresponding 
extensor  from  the  first  phalanx  to  the  terminal. 
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With  this  long  head  of  the  terminal  tendon  of  the  interossei  the 
tendon  of  the  lumbricales  unites. 

The  interossei  are  very  powerful  muscles.  Their  two  chief  func- 
tions are:  (1)  they  flex  the  first  phalanx  on  the  metacarpal  and 
extend  the  second  and  terminal  phalanges  (fig.  37) ;  (2)  they  abduct 
and  adduct  the  fingers.  The  movement  of  adduction  requires  much 
energy,  especially  if  the  fingers  are  in  extension. 

The  lumbricales  also  flex  the  first  phalanges  and  extend  the  other 
two.  The  first  lumbrical  is  the  only  one  that  exercises  any  lateral 
movement,  and  is  only  a  very  weak  abductor  of  the  first  phalanx 
of  the  index  finger. 


Fig.  36. — Plan  of  insertion  of  the 
interossei. 


Fig.  37. — Principal  movement 
of  the  interossei  muscles  (flex- 
ion  of  the  first  phalanx,  ex- 
tension  of  second  and  third). 


There  are  four  muscles  in  the  hypothenar  eminence :  palmaris  brevis, 
abductor  minimi  digiti,  flexor  brevis  minimi  digiti,  and  opponens 
minimi  digiti  (fig.  19),  but  they  are  insignificant  in  comparison 
with  the  corresponding  muscles  of  the  thumb. 

The  palmaris  brevis  is  merely  superficial,  and,  like  most  of  the 
cutaneous  muscles  not  affecting  voluntary  movements,  does  not 
call  for  further  comment. 

The  abductor  minimi  digiti  inclines  the  little  finger  to  the  ulnar 
border,  drawing  it  away  from  the  centre  of  the  hand  :  some  ana- 
tomists call  it  the  adductor  because  it  draws  the  little  finger  toward 
the  median  line.  It  assists  the  flexor  brevis  minimi  digiti  in  flexing 
the  proximal  phalanx  of  the  little  finger  on  its  corresponding  meta- 
carpal bono. 
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The  opponens  minimi  digiti  ■  draws  forwards  and  outwards  the 
fifth  metacarpal  bone,  and  the  little  finger  with  it,  without  imparting 
any  visible  rotatory  movement  to  that  bone. 

Finally,  the  ulnar  nerve  supplies  the  adductor  pollicis  and  the 
inner  head  of  the  flexor  brevis  pollicis,  sometimes  called  the  tvx) 
inner  sesamoid  muscles  of  the  thumb,  which  are  analogous  in  action. 
The  adductor  slightly  flexes  the  first  phalanx,  tilts  it  on  its  inner 
border,  and  at  the  same  time  gives  it  a  movement  of  rotation  on 
its  long  axis — the  opposite  of  the  movement  made  by  the  outer 
sesamoids  ;  with  the  result  that  the  first  metacarpal  is  drawn  out- 
wards and  a  little  in  front  of  the  second.  The  adductor,  in  addition, 
extends  the  second  phalanx  of  the  thumb  on  the  first,  so  that  when 
this  muscle  is  fully  contracted  the  first  metacarpal  is  on  a  level 
with  the  second,  the  second  phalanx  of  the  thumb  in  extension, 
and  the  proximal  closely  attached  to  the  outer  border  of  the  meta- 
carpo-phalangeal  joint  of  the  index  finger. 

So  we  see  that  the  second  phalanx  of  the  thumb  is  extended  both 
by  the  extensor  longus  polUcis  and  by  the  external  and  internal 
sesamoid  muscles  of  the  thumb,  which  send  expansions  to  the  ex- 
tensor tendon. 

Clinical  Types 

We  will  subdivide  these,  as  in  the  case  of  the  median 
nerve,  into — 

I. — Total  paralysis. 
II. — Partial  paralysis. 

I. — Total  Paralysis 

The  soft  parts  on  the  internal  aspect  of  the  arm 
are  most  commonly  wounded  a  few  centimetres  above 
the  internal  condyle  of  the  humerus. 

Appearance  of  the  Hand. — As  the  ulnar  is  the  chief 
nerve  which  supplies  the  muscles  of  the  hand,  the 
appearance  of  the  latter  should  be  carefully  examined. 
First,  there  is  wasting,  which  is  sometimes  very 
marked,  of  the  first  dorsal  interosseous  space — an  in- 
separable sign  of  a  lesion  of  the  ulnar,  even  more  so 
in  our  opinion  than  claw-hand,  though  that  is  also  very 
frequently  present. 

The  claw-hand  shows  degrees  of  intensity  which 
cannot  always  be  explained  by  the  situation  of  the 
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lesion  and  the  extent  of  paralysis  of  the  flexor  pro- 
fundus and  interossei. 

We  should  take  into  account  the  assistance  rendered 
by  the  median  nerve  in  supplying  the  inner  fasciculi 
of  the  flexor  profundus,  and  also  a  certain  degree  of 
retraction  of  tendons  commonly  seen  in  the  deep 
flexors  of  the  ring  and  little  fingers,  although  they 
ought  to  be  completely  paralysed  and  limp. 

When  the  ulnar  nerve  has  been  divided  or  severely 
injured  in  the  middle  third  of  the  arm,  though  the 
clawing  may  be  only  slight,  careful  examination  will 
show  that  it  does  exist.  It  consists  of  a  more  or  less 
marked  hyperextension  of  the  first  phalanx  of  the  ring 
and  little  fingers,  with  a  moderate  degree  of  flexion  of 
the  second  phalanx  on  the  basal  phalanx  and  a  very 
slight  flexion  of  the  terminal  on  the  second  phalanx. 

Sometimes  the  clawing  which  can  be  clearly  seen 
in  the  little  finger  hardly  exists  at  all  in  the  ring  finger  ; 
at  other  times  the  middle  finger  is  also  more  or  less 
clawed. 

Even  in  this  incomplete  form,  the  clawing  cannot 
be  overcome,  and  the  little  finger  can  never  be  com- 
pletely extended. 

The  other  characteristic  features  of  the  "ulnar 
hand  "  are  the  following  : — 

The  little  finger  stands  off  from  the  ring  finger  in 
a  very  marked  way  ;  the  ring  finger  not  so  much  so 
from  the  middle ;  and  the  middle  still  less  so  from 
the  index. 

It  is  so  important  to  know  the  exact  appearance 
of  the  hand  in  ulnar  paralysis  that  we  desire  most 
emphatically  to  call  attention  to  the  very  great 
atrophy  of  the  interossei,  which  sometimes  gives  the 
hand  a  skeleton-like  appearance. 

This  wasting  of  the  muscles  is  particularly  marked 
in  the  first  dorsal  interosseous  space.  On  the  palmar 
aspect  atrophy  of  the  hypothenar  eminence  is  con- 
siderable ;  and  firm  palpation  here  gives  one  the 
impression  of  a  hollow  rather  than  an  eminence.  The 
amount  of  atrophy  of  the  adductor  of  the  thumb 


THE   ULNAR  NERVE  95 

should  be  gauged  by  look  and  touch  at  the  inner  part 
of  the  thenar  eminence  ;  the  superficial  parts  are 
flabby,  and  sink  down  into  large  soft  folds  in  the  tri- 
angular space  between  thumb  and  index  finger. 

Motor  Changes. — Paralysis  of  the  flexor  carpi 
ulnar  is. — The  patient  should  be  asked  to  flex  his 
wrist  hard  and  to  resist  any  attempt  at  extension  ; 
inspection  and  palpation  will  show  that  the  tendons 
of  the  palmars  oifly  contract  under  the  skin  ;  the 
tendon  of  the  flexor  carpi  ulnaris,  which  is  strongly 
contracted  on  the  sound  side,  is  quite  limp  on  the 
paralysed  one. 

Paralysis  of  the  flexor  profundus  of  the  little  and  ring 
flngers. — When  the  patient  is  told  to  fold  his  fingers 
well  into  the  palm  of  his  hand  to  show  his  fist,  it  will 
be  seen  that  this  flexion,  though  normal  in  the  index 
and  often  in  the  middle  fingers,  is  quite  imperfect  in 
the  ring  and  little  fingers,  which  can  only  bend  at  the 
first  inter-phalangeal  joints.  The  flexion  produced  at 
the  metacarpo-phalangeal  and  second  inter-phalangeal 
joints  is  only  the  result  of  the  influence  exerted  on  all 
the  segments  of  the  finger  when  the  flexor  sublimis 
contracts — an  influence  more  apparent  in  the  little 
than  in  the  ring  finger. 

The  weak  flexion  of  these  two  fingers  is  better 
demonstrated  if  the  index  and  middle  fingers  are  kept 
in  extension. 

At  other  times,  this  almost  passive  flexion  of  the 
proximal  and  terminal  phalanges  is  very  decided,  and 
the  fingers  seem  to  close  entirely — but  in  appearance 
only  ;  the  power  of  resistance  is  nil  in  the  terminal 
phalanx,  and  is  generally  greatly  diminished  in  the 
other  two  phalanges,  though  the  flexor  sublimis  may 
be  intact. 

Paralysis  of  the  hypothenar  muscles  makes  it  almost 
impossible  to  flex  the  proximal  phalanx  of  the  little 
finger  separately  on  its  metacarpal,  whilst  the  other 
fingers  are  kept  in  extension. 

Further,  movements  of  abduction,  and  especially 
adduction,  of  the  first  phalanx  of  the  little  finger  are 
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absolutely  impossible.  In  spite  of  all  the  patient's 
efforts  the  hypothenar  muscles  make  not  the  slightest 
attempt  at  contraction. 

Paralysis  of  the  interossei  and  of  the  inner  two 
lumhricales  causes  the  posture  known  as  "claw- 
hand."  The  interossei  being  deprived  of  their  nerve 
supply,  there  is  no  limit  to  the  remarkable  tonicity 
of  the  flexors,  and  the  two  terminal  phalanges  are 
strongly  flexed.  But  the  flexor  profundus  is  also 
totally  paralysed  in  a  severe  lesion  of  the  ulnar  nerve 
in  the  arm  ;  flexion  of  the  second  phalanx  on  the  first 
is  only  performed  by  the  flexor  sublimis,  which,  as  it 
contracts,  draws  the  terminal  phalanx  with  it.  At 
the  same  time  the  extensor  of  the  flngers,  having  no 
antagonist  for  the  proximal  phalanx,  hyperextends  it. 

Though  all  the  interossei  may  be  paralysed,  there  is 
only  clawing  of  the  fourth  and  fifth  and  sometimes  of 
the  middle  fingers.  This  is  explained  by  the  immunity 
of  the  first  two  lumbricales,  which  are  supplied  by  the 
median,  and  whose  action  is  the  same  as  that  of  the 
interossei,  as  far  as  flexion  of  the  proximal  phalanx 
and  extension  of  the  two  others  is  concerned.  Some- 
times the  lumbrical  of  the  middle  finger  is  supplied 
by  the  ulnar  nerve,  and  this  would  explain  why  this 
finger  is  frequently  clawed  ;  but  more  often  the  middle 
finger  is  passively  flexed  by  the  movement  of  the 
fourth  and  fifth  fingers. 

The  middle  finger  is  in  fact  much  less  independent 
than  the  index.  Moreover,  extension  of  the  second 
and  terminal  phalanges  of  the  index  finger,  even  though 
normal,  is  not  nearly  so  strong.  Patients  with  injury 
of  the  ulnar  nerve  complain  of  this  weakness  in  their 
index  finger.  They  cannot  place  a  thing  on  a  table 
with  the  tip  of  this  finger ;  they  have  trouble  in 
writing ;  they  are  less  adept  in  doing  certain  things 
in  connection  with  their  trade  which  involve  energetic 
extension  of  the  last  two  phalanges. 

When  a  patient  is  told  to  flex  the  first  phalanx  of 
the  fingers  and  extend  the  other  two,  he  can  do  it 
with  his  index  and  middle  fingers  by  means  of  the 
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lumbricales,  but  his  fourth  and  fifth  fingers  cannot 
carry  out  this  movement.  Their  proximal  phalanx 
becomes  hyper  extended,  whilst  the  second  and  ter- 
minal keep  flexed. 

The  lateral  movements  of  abduction  and  adduction 
of  the  fingers  are  absolutely  lost  in  the  case  of  the 
little,  ring,  and  often  in  the  middle  fingers  ;  they  are 
much  diminished  in  the  case  of  the  index,  these  move- 
ments being  due  to  contraction  of  the  first  and  second 
lumbricales  and  the  extensor  of  the  fingers.  Indeed, 
forced  extension  of  the  first  phalanx  is  accompanied 
by  abduction  of  the  fingers,  which  is  very  marked 
in  the  index  and  Httle  fingers,  probably  due  to  the 
action  of  their  own  extensors. 

This  power  of  abduction  of  the  extensors  is  very 
remarkable  in  the  little  finger,  which,  as  we  have 
shown,  is  always  in  abduction  ^  in  total  paralysis  of 
the  ulnar  nerve. 

Paralysis  of  the  adductor  pollicis  and  of  the  inner  head 
of  the  flexor  hrevis  pollicis  results  in  disturbances  to 
prehensile  movements,  which  have  been  drawn  atten- 
tion to  by  Duchenne  (of  Boulogne),  and  recently  in- 
vestigated by  J.  Froment.2 

If  a  patient  is  asked  to  grasp  any  object  with  his 
thumb  and  index  finger,  such  as  a  folded  newspaper, 
and  told  to  hold  it  tight,  he  vigorously  flexes  the  second 
phalanx  of  the  thumb  and  presses  its  tip  awkwardly 
against  the  outer  margin  of  the  first  phalanx  of  the 
index  finger.  If  anyone  pulls  at  the  newspaper,  he 
cannot  retain  his  hold  on  it,  however  much  he  tries ; 
he  cannot  succeed  in  grasping  the  object  with  his 

•thumb  by  extending  the  second  phalanx,  as  is  done 
normally.  This  is  Froment's  sign  of  the  newspaper. 
In  the  same  way,  if  the  patient  is  told  to  press  his 
extended  thumb  firmly  against  his  index  finger,  the 

^  To  realise  the  strength  of  abduction  of  the  index  and  little  fingers, 
extend  the  fingers  forcibly  on  the  metacarpals,  taking  care  not  to  give 
them  any  additional  movement. 

2  J.  Froment,  "  La  Prehension  dans  les  paralysies  du  nerf  cubital 
et  le  signe  du  pouce,"  Presse  medicale,  October  21,  1915. 
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second  phalanx  will  be  seen  to  be  bent  and  the  tip  of 
the  thumb  will  reach  to  the  base  of  the  index  finger, 
forming  with  it  a  sort  of  capital  O. 


Superficial  cervical  plexus. 


Oircomflex. 


Intercostals, 


Musculo-spiral 

Lesser  internal  cutaneous. 

Internal  cutaneous. 

Musculo-cutaneous. 


Median 
(palmar  cutaneous  nerve) 

Median 
(collateral  nerves  of  fingers). 

Ulnar 
(superficial  terminal  branch). 


Fig.  38. — Peripheral  sensory  distribution  of  the  upper 
extremity  (palmar  aspect). 


So  we  see  that  a  severe  lesion  of  the  ulnar  nerve 
results  in  marked  impairment  of  movements  of  the 
hand.  This  impairment  is  less  than  the  impotence 
that  results  from  paralysis  of  the  median  nerve,  but 
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it  is  quite  as  important  as  the  impairment  of  move- 
ment that  follows  injury  of  the  musculo-spiral  nerve. 
The  presence  of  the  claw- 
hand,  weakness  of  grasp 
through  paralysis  of  the 
adductor  and  of  the  in- 
terossei,  and  flexion  of  the 
index  from  diminished 
power  of  extension  of  its 
last  two  phalanges,  lead 
to  marked  trade  incapa- 
city, particularly  if  it  is 
the  right  hand  that  is 
affected. 

Electrical  Disturb- 
ances.— In  case  of  com- 
plete division  of  the 
ulnar  nerve  there  is 
always  complete  reaction 
of  degeneration  in  all 
the  paralysed  muscles, 
with  loss  of  faradic  ex- 
citability, slowness  of  the 
contraction,  and  very 
marked  diminution  of 
galvanic  excitability  when 
the  wound  is  of  several 
months'  standing. 

Reflexes. — The  tendon 
reflexes  are  not  affected 
by  ulnar  paralysis.  On 
mechanical  percussion  of 
the  muscles,  idiomuscular  ^^?:..n.^.?, 
contraction  is  slow.  The 
slowness  in  release  of 
contraction  is  easy  to  verify  in  the  hypothenar 
eminence  and  the  first  dorsal  interosseous  space. 

Sensory  Changes. — The  sensory  disturbances  are 
important  enough  to  be  considered.  We  have  always 
been  impressed  by  the  intense  anaesthesia  in  the  ulnar 
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area  of  the  hand,  even  when  the  wound  had  not  pro- 
duced total  section  of  the  nerve,  and  sometimes  even 
when  the  lesion  was  not  serious. 

In  case  of  complete  section,  sensory  disturbances 
are  noticed  in  the  ulnar  area,  as  shown  in  the  diagrams 
(figs.  38  and  39).  Complete  anaesthesia,  however,  to 
all  modes  of  sensibility  is  only  permanent  in  the  little 


Fig.  40. 


Fig.  41. 


Figs.  40  and  41. — Area  affected  by  sensory  changes  in  grave  lesions  of 
the  ulnar  nerve.  Black  :  total  anaesthesia.  Grei/  :  hypaesthesia  to 
pricking,  anaesthesia  to  heat  and  cold. 

finger  (the  whole  of  which  is  always  insensitive  to 
touch,  pricking,  deep  pressure,  heat,  and  cold)  and  on 
the  inner  margin  of  the  hand  ;  traces  of  accidental 
burns  may  often  be  noted  in  this  area  (figs.  40  and  41). 
In  the  rest  of  the  ulnar  area  there  is  only  a  more  or 
less  marked  hypsesthesia  to  a  pin-prick,  with  often 
complete  anaesthesia  to  heat  and  cold. 

Sensibility  of  bone  and  sense  of  position  in  the 
little  finger  are  lost.  Pain  on  deep  pressure  along 
the  course  of  the  ulnar  nerve  is  not  felt  when  the 
nerve  has  been  completely  divided. 


I 
I 
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The  reason  why  sensory  disturbances  are  so  great  is 
that  the  sensibility  of  both  dorsal  and  palmar  aspects 
of  the  hand  in  that  area  depends  on  the  ulnar  nerve. 

Vasomotor,  Secretory,  Caloric,  and  Trophic  Changes 
are  often  perceptible. 

The  skin  is  always  cold  and  dry  in  the  little  finger 
and  hypothenar  eminence.  Sometimes  a  purplish 
discoloration  is  noticed,  with  thickening  of  the  skin 
and  deformity  of  the  nail  of  the  little  finger,  which  is 
indicative  of  an  accompanying  vascular  lesion.  The 
patient  should  be  asked  if  he  has  had  much  haemor- 
rhage, a  ligature,  etc.  ;  the  ulnar  and  even  the  radial 
pulse  as  well  as  the  blood-pressure  will  be  affected. 

We  have  already  mentioned  the  muscular  atrophy 
of  the  interosseous  spaces,  hypothenar  eminence,  and 
the  adductor  of  the  thumb.  In  consequence  of  this 
atrophy  the  flexor  tendons  project  into  the  palm  and 
the  tendons  of  the  extensors  stand  out  on  the  back 
of  the  hand. 

When  atrophy  of  the  flexor  carpi  ulnaris  is  pro- 
nounced, a  slight  displacement  of  the  hand  to  the 
radial  side  may  be  noticed  ;  palpation  reveals  de- 
crease in  size  of  the  epitrochlear  muscles  in  com- 
parison with  the  same  muscles  on  the  sound  side. 

RECOVERY 

Sensation  is  usually  restored  before  movement  is 
regained.  The  latter  begins  in  the  flexor  carpi 
ulnaris  ;  then  there  is  improvement  in  the  flexor 
profundus  digitorum,  which  may  make  the  clawing 
more  marked.  The  return  of  movement  is  very 
slow  in  the  interossei,  hypothenar  muscles,  and  in 
the  adductor  pollicis. 

Lesions  of  the  Ulnar  Nerve  in  the 
Forearm 

When  there  is  severe  lesion  of  the  ulnar  nerve 
in  the  forearm  or  wrist,  below  the  spot  where  the  fibres 
of  the  flexor  carpi  ulnaris  and  the  flexor  profundus 
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emerge,  clawing  is  greatly  accentuated  in  the  little 
and  ring  fingers,  and  often  in  the  middle  finger  also, 
but  less  commonly,  and  to  a  minor  degree,  in  the 
index  finger.  Hyperextension  of  the  first  phalanx 
and  flexion  of  the  other  phalanges  are  exaggerated. 


Fig.  42. — Ulnar  clawing  (palmar  asi)ect). 

Retraction  of  the  tendons  occurs,  which  makes  this 
clawing  quite  irreducible. 

In  addition  to  the  tonicity  of  the  flexor  profundus 
and  subHmis  other  factors  must  be  incriminated,  such 
as  muscular  contraction,  retraction  of  tendons,  surface 


Fig.  43. — Ulnar  clawing  (lateral  aspect). 

changes  in  the  phalangeal  joints,  and  muscular  or 
vascular  lesions  which  are  not  at  once  perceptible 
(figs.  42-45). 

Usually  clawing  follows  immediately  on  injury  ; 
less  commonly  it  develops  a  few  hours  or  a  few  days 
after.  Other  patients — but  more  frequently  cases 
of  partial  lesion — state  that  at  first  the  last  four 
fingers  were  clawed,  and  that  later  on  the  index  and 
middle  fingers  came  straight  again. 
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Sometimes  for  a  few  minutes  after  injury  the 
fingers  become  flexed  spasmodically  and  then  settle 
down  into  the  "  claw-hand  "  position. 

In  many  instances  of  marked  clawing,  spasmodic 
clonic-like  movements  of  the  middle  but  not  so  often 


Fig.  44. — Complete  ulnar 
clawing,  involving  all  the 
fingers.  Lesion  of  ulna 
in  forearm. 


Fig.  45. — Complete  ulnar  clawing, 
involving  all  the  fingers.  Lesion 
of  ulnar  nerve  in  forearm  (dorsal 
asi)ect). 


of  the  index  fingers  may  be  noticed  when  the  patient 
puts  his  thumb  in  opposition  to  his  fingers. 

The  other  paralytic,  sensory,  and  trophic  dis- 
turbances, etc.,  are  identical  with  those  seen  when 
the  nerve  has  been  completely  divided  by  injury  in 
the  arm. 

II.  Partial  Paralysis 

Lesions  of  partial,  incomplete,  or  dissociated 
paralysis  of  the  ulnar  nerve  are  very  frequent  and 
interesting,  particularly  in  cases  of  wounds  in  the 
axilla  or  arm.  The  commonest  type  is  paralysis 
of  the  interossei  and  hypothenar  muscles,  with  simple 
paresis  of  the  flexor  profundus  and  flexor  carpi  ulnaris. 
In  this  type  of  case  we  have  come  across  limp  clawing 
of  the  fourth  and  fifth  fingers,  pronounced  when  the 
hand  is  at  rest,  but  almost  entirely  reducible.     In  some 
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partial  paralyses  total  absence  of  clawing  may  be 
noted;  the  muscles  in  the  hypothenar  eminence  and 
the  first  interosseus  are  most  severely  paralysed,  the 
first  dorsal  interosseous  space  is  much  wasted,  and  the 
little  finger  permanently  abducted. 

Clawing  may  involve  the  last  four  fingers,  though 
it  is  most  difiicult  to  overcome  in  the  fourth  and  fifth 
fingers.  Often  there  is  an  associated  lesion  of  the 
median  nerve,  and  in  such  cases  the  thumb  may  be 
deformed  ^  by  flexion  of  the  second  with  extension 
or  hyperextension  of  the  proximal  phalanx. 

The  site  of  the  wound  and  the  distribution  of  the 
nerve-fibres  should  explain  the  frequency  of  partial 
paralysis  of  the  ulnar  and  the  predominance  of 
motor  changes  in  the  interossei  and  hypothenar 
muscles.  Pierre  Marie,  Henry  Meige,  and  Gosset's 
recent  electrical  experiments  point  to  localisation 
of  the  nerve-fibres  supplying  the  flexors  of  the  ring 
and  little  flngers  in  the  postero-external  area,  and 
localise  the  fibres  of  the  muscles  of  the  flexor  carpi 
ulnaris  on  the  internal  side. 

It  is  quite  logical  to  assume  that  the  small  muscles 
of  the  hand  occupy  the  anterior  and  internal  ulnar 
area. 

On  the  other  hand,  M.  and  Mme.  Dejerine  and 
J.  Mouzon^  locate  them  as  follows  : — 

Internally :  the  cutaneous  branches  superficially, 
branches  of  the  hypothenar  and  interossei  muscles  : 
the  outer  interossei  being  the  most  external. 

Behind :  the  nerves  of  the  adductor  poUicis  and 
of  the  flexor  brev^is,  and,  externally,  the  nerves  of 
the  flexor  carpi  ulnaris  and  the  flexor  profundus. 

Sensory  Changes. — Objective  disturbances  of  sensa- 
tion, though  very  common,  are  less  marked  than  in 
total  paralysis,  and  take  the  form  of  hypaesthesia. 

1  Jeanne  (de  Rouen),  Bulletins  et  Memoires  de  la  Socieie  de  Chirurgie 
de  Paris,  March  23,  1915,  p.  703. 

^  M,  and  Mme.  Dejerine  and  J.  Mouzon,"Le  Diagnostic  de  I'interniption 
complete  des  gros  troncs  nerveux  des  membres,"  Presse  medicale, 
March  2,  1916. 
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Pressure  on  the  course  of  the  nerve-trunk  and  on 
the  hypothenar  muscles  usually  causes  pain. 

The  intense  pain  invariably  felt  at  the  time  of  injury 
may  persist  and  may  sometimes  become  a  very 
acute  neuralgic  pain  all  along  the  course  of  the  nerve 
to  the  distal  end  of  the  little  finger,  and  may  be 
affected  by  changes  of  temperature,  jarring,  and 
massage. 

Causalgia  of  the  ulnar  nerve  alone  we  have  never 
seen  ;  it  usually  occurs  in  association  with  a  painful 
type  of  lesion  of  the  median  nerve. 

Electrical  Changes  vary  in  the  different  muscles. 
They  are  generally  most  pronounced  in  the  muscles 
of  the  h5rpothenar  eminence  and  last  interossei. 

DIAGNOSIS 

A  lesion  of  this  nerve,  whatever  form  it  may 
assume,  can  always  be  detected  by  clinical  exami- 
nation. 

The  surest  signs  of  lesions  of  the  ulnar  are  the 
constant  atrophy  of  the  first  dorsal  interosseous  space, 
the  more  or  less  pronounced  clawing,  the  permanent 
abduction  of  the  little  finger,  and  the  inability  of  the 
middle  finger  to  make  lateral  movements. 

Ulnar  paralysis  cannot  be  easily  mistaken  if  mus- 
cular, tendinous,  and  cicatricial  lesions  are  first 
eUminated.  These  lesions,  by  restricting  the  play 
of  the  flexors,  may  simulate  clawing  and  mislead 
the  observer. 

There  is,  however,  one  deformity  of  the  hand  which 
might  compUcate  the  diagnosis  :  the  clawing  seen 
in  ischcemic  myositis  of  the  flexors,  or  Volkmanns 
contracture.  But  in  a  case  of  this  kind  palpation 
of  the  fleshy  parts  of  the  muscles  will  reveal  their 
woody  consistency,  and  the  possibility  of  straightening 
this  clawing  when  the  wrist  is  forcibly  flexed;  and 
the  previous  history  of  the  case  (pressure  by  a  plaster 
apparatus  or  arrest  of  abundant  haemorrhage  by  a 
tourniquet)  or  the  presence  of  vascular  disturbance, 
will  lead  to  a  correct  diagnosis. 
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Signs  of  Recovery. — Complete  recovery  from  a  lesion 
of  the  ulnar  nerve  may  be  shown  by  the  following 
tests  : — 

The  patient  should  be  instructed  to  lay  the  palm 
of  his  hand  flat  on  the  table  with  the  fingers  apart. 
He  should  be  asked  to  dcaw  the  middle  finger  inwards 
and  outwards,  then  told  to  scratch  the  top  of  the 
table  with  the  nail  of  his  little  finger  without  moving 
his  wrist  (Pitres). 

From  what  we  have  already  said  about  the  motor 
changes  it  wiU  be  clear  that  the  correct  performance 
of  these  movements  indicates  complete  recovery  of 
the  ulnar  nerve. 


t 
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CHAPTER  V 

ASSOCIATED  LESIONS   OF  THE   MEDIAN 
AND  ULNAR  NERVES 

Concomitant  lesions  of  the  median  and  ulnar  nerves 
are  of  frequent  occurrence.  They  account  for  the  great 
variations  in  appearance  of  the  hand  and  fingers,  and 
therefore  require  a  full  description. 

The  appearances  are  the  same  whether  the  injury 
to  the  nerves  is  in  the  arm  or  in  the  axilla.  Very  often 
there  is  an  associated  lesion  of  the  brachial  or  axiUary 
artery,  accompanied  by  vasomotor,  secretory,  and 
trophic  changes. 

Two  clinical  types  can  be  distinguished  : — 

I. — Total  paralysis. 
II. — Partial  paralysis. 

I. — Total  Paralysis 

When  the  two  nerves  have  been  divided  or  crushed 
by  a  missile  which  has  wounded  the  arm  on  its  inner 
aspect,  or  when  the  nerves  have  been  badly  damaged 
in  the  axilla  at  the  lower  part  of  the  brachial  plexus, 
the  hand  is  quite  typical  in  appearance. 

Appearance  of  the  Hand.— The  wrist  is  slightly 
hyperextended  on  the  forearm,  the  hand  inclines  to 
the  radial  side,  the  thumb  is  in  abduction  and  on  a 
level  with  the  other  fingers,  which  are  slightly  sepa- 
rated. Their  first  phalanx  is  moderately  extended  on 
the  metacarpus,  with  slight  passive  flexion  of  the 
last  two  phalanges  without  clawing.     In  very  rare 
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cases  the  last  two  fingers  may  be  bent  back  and  show 
a  slight  but  irreducible  clawing. 

The  hand  is  wasted  ;  the  fleshy  parts  of  the  thenar 
and  hypothenar  eminences  are  flattened,  and  the  first 
dorsal  interosseous  space  is  very  hollow. 

Motor  Changes. — The  manner  in  which  the  patient 
tries  to  flex  his  wrist  and  fingers  is  even  more  charac- 
teristic than  the  appearance  of  the  hand. 

When  he  is  asked  to  bend  his  wrist,  hyper  extension  of 
the  hand  is  exaggerated,  and  it  tilts  over  to  the  radial 
side  ;  then  sudden  relaxation  follows,  the  patient 
lets  the  extensors  of  the  wrist  go,  and  his  hand  makes 
a  shght  passive  movement  of  flexion.  Active  contrac- 
tion of  the  abductor  longus  poUicis  assists  in  carrying 
out  this  movement  of  flexion. 

But  if  the  patient  is  told  to  flex  his  fingers,  the  pre- 
tence of  active  movement  is  even  more  marked  :  first, 
he  forcibly  extends  his  hand,  the  proximal  phalanges 
being  hyperextended  ;  then  the  extensor  muscles  of 
the  fingers  suddenly  relax,  and  the  last  two  phalanges 
partially  flex,  but  not  in  reality.  Sicard  and  Gastaud, 
Claude,  Rene  Dumas  and  Porak  have  all  investigated 
the  mechanism  of  this  movement,  and  Sicard  and 
Gastaud  have  described  this  movement  of  alternate 
contraction  and  relaxation  of  the  extensors  by  the 
term  "  strumming  sign." 

But  if  hyperextension  of  the  first  phalanges  is  pre- 
vented by  opposing  the  movement  of  the  extensors, 
flexion  of  the  fingers  is  impossible. 

Movements  of  flexion,  opposition,  and  adduction  of 
the  thumb  are  lost  ;  the  patient  tries  and  succeeds  in 
forcibly  contracting  the  extensors  and  his  abductor 
longus  polHcis  in  order  that  their  relaxation  may  pro- 
duce the  desired  movements  of  flexion  or  opposition. 
But  if,  while  palpating  the  thenar  eminence,  the  obser- 
ver makes  the  base  of  the  thumb  immobile,  there  is 
no  flexion  of  the  second  phalanx,  and  all  attempt  at 
opposition  is  fruitless. 

Movements  are  abolished  in  the  hypothenar,  inter- 
osseous, and  lumbrical  muscles,  and  the  patient  cannot 
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replace  them  in  any  way.  Energetic  contraction  of 
the  extensors  merely  produces  the  faintest  suggestion 
of  slight  abduction  of  the  fingers. 

The  elbow  must  be  abducted  before  pronation  of 
the  forearm  is  possible. 

The  power  of  resistance  of  the  biceps  is  often  dimin- 
ished, as  the  wound  may  have  caused  destruction  of 
the  fleshy  parts  or  lesion  of  the  motor  nerve  of  this 
muscle. 

Amyotrophy. — We  have  already  dwelt  on  the  wast- 
ing of  the  muscles  of  the  hand.  In  addition,  there 
may  also  be  considerable  atrophy  of  the  epitrochlear 
muscles,  the  flattening  of  which  is  in  sharp  contrast 
with  the  prominence  of  the  supinator  longus.  Though 
the  other  nerves  may  be  sound,  the  muscles  of  all 
the  segments  of  the  upper  extremity  show  a  general 
decrease  in  size. 

Electrical  Changes  are  the  same  as  those  seen  in 
severe  lesions  of  the  nerves. 

Sensory  Changes. — The  sensory  changes  are  exag- 
gerated. There  is  total  anaesthesia  over  all  the  ulnar 
area  and  in  the  two  terminal  phalanges  of  the  middle 
and  index  fingers.  Sometimes  this  anaesthesia  ex- 
tends over  almost  all  the  median  area.  Most  com- 
monly the  thumb,  outer  half  of  the  palm  of  the  hand, 
and  sometimes  the  palmar  aspect  of  the  proximal 
phalanges  of  the  second  and  third  fingers  remain 
sensitive  to  a  very  deep  prick.  This  sensibility  is 
accounted  for  by  the  probable  assistance  given  by  the 
fibres  of  the  musculo-spiral  and  musculo-cutaneous 
nerves. 

•  Sense  of  position,  deep  sensibility,  and  sensibility  of 
bone  are  lost  in  these  areas. 

The  stereognostic  sense  is  lacking  by  reason  of  the 
motor  and  sensory  changes. 

Spontaneous  pain  is  absent,  as  well  as  pain  on  pres- 
sure of  the  nerve-trunks,  which  only  develop  with  the 
onset  of  recovery. 

Vasomotor,  Secretory,  and  Caloric  Changes  are 
nearly  always  present.     The  hand  is  somewhat  purple 
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and  cold.  The  skin  is  dry,  especially  on  the  hypothenar 
eminence ;  sweating  is  confined  to  the  back  of  the  hand. 
But  when  there  are  pronounced  vasomotor  changes, 
with  signs  of  oedema  of  the  fingers,  glossy,  cyanosed, 
or  purplish  skin,  and  trophic  changes  consisting  in 
ulceration  and  deformity  of  the  nails,  an  associated 
vascular  lesion  should  be  suspected,  because,  on  ac- 
count of  the  close  proximity  of  nerves  and  arteries,  this 
lesion  is  very  common. 

II. — Partial  Paralysis 

Partial  paralyses  of  the  median  and  ulnar  nerves 
assume  very  varied  clinical  types  :  the  accompanying 
diagrams  illustrate  this  more  clearly  than  any  discur- 
sive description  could  do. 

The  great  variety  of  deformities  of  the  hand  and 
fingers,  as  the  result  of  affection  of  both  median  and 
ulnar  nerves,  can  only  be  accounted  for  by  the  in- 
equahty  of  their  several  lesions.  Appearances  differ 
according  as  to  whether  the  graver  lesion  is  in  the 
median  or  the  ulnar,  whether  this  or  that  fasciculus 
of  each  nerve  is  affected,  according  to  the  frequency 
of  anastomosis  with  the  adjacent  nerves,  and  finally, 
we  are  inclined  to  think,  according  to  the  more  or  less 
inflammatory  nature  of  the  lesion. 

The  phenomena  noticed  in  partial  lesions  of  the 
median  and  ulnar  nerves  are  the  best  illustration  of 
the  specialisation  of  the  motor  nerve  filaments  in  the 
interior  of  a  nerve. 

The  accompanying  drawings,  made  from  nature, 
give  a  very  good  idea  of  the  different  varieties  of 
deformity. 

We  shall  deal  with  five  chief  clinical  types  :  — 

First  type. — The  most  common  type  is  that  in  which 
motor  disturbances  predominate  in  the  small  muscles 
of  the  hand  and  in  the  flexors  of  the  fingers,  the  flexors 
of  the  wrist  being  comparatively  unaffected.  Flexion 
of  the  wrist  alone  is  possible. 

l^he  position  of  the  hand  and  its  loss  of  power  closely 
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resemble  the  conditions  described  above  in  cases  of 
complete  division  of  the  nerves. 

The  sensory  disturbances  are  confined  more  especi- 
ally to  the  ulnar  area,  and  usually  result  in  hypaesthesia 
rather  than  anaesthesia. 

Spontaneous  pain  along  the  course  of  the  ulnar  nerve 
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Fig,  46. — Paralysis,  involving  both  median  and  ulnar 
nerves  (first  type). 


is  not  uncommon.     Palpation  of  the  nerve-trunks  is 
always  painful. 

Electro-diagnosis   shows   reaction    of    degeneration 
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Fig  47. — Associated  lesion  of  median  and  ulnar  nerves 
from  wound  of  axilla.  Paralysis  of  small  muscles 
of  hand  with  paresis  of  flexors  (second  type). 

mevenly  distributed ;  faradic  contractiHty  is  not 
ibolished  in  all  the  muscles. 

In  this  type  of  case  there  is  comparatively  marked 
itrophy  of  the  muscles  above  the  lesion,  with  pain  on 
pressure  of  the  nerve-trunks  above  the  injury. 

Second  type. — The  hand  has  a  most  singular  appear- 
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ance  when  paralysis  chiefly  affects  the  interossei, 
thenar  and  hypothenar  muscles,  and  when  there  is 
paresis  of  the  superficial,  with  more  marked  paresis 
of  the  deep,  flexors.     Hjrperextension  of  the  proximal 


Fig.  48. — Associated  lesion  of  median  and  ulnar  nerves  from 
wound  in  the  cervical  region  (second  type).  Motor 
symptoms  are  most  marked  in  the  small  muscles  of  the 
hand. 

phalanges  of  the  last  four  fingers  is  so  great  as  to  cause 
a  subluxation  of  the  heads  of  the  metacarpal  bones 
which  project  into  the  palm  of  the  hand  at  the  base  of 
the  fingers  (fig.  47). 

Flexion  of  the  second  phalanx  is  good,  that  of  the 


Fig.  49. — Associated  paralysis  of  median  and  ulnar  nerves 
from  wound  of  the  arm  (third  type).  Motor 
symptoms  are  most  marked  in  the  small  muscles  and 
in  the  deep  flexors. 

terminal  phalanx  is  less  so.     The  flexor  tendons  stand 
out  in  the  palm  of  the  hand,  which  is  emaciated. 

Looked  at  from  the  dorsal  aspect,  the  hand  resembles 
the  back  of  a  fork.  Sometimes,  in  addition,  disturb- 
ance of  function  of  the  vasomotor  fibres  accompanies 
this  type  of  hand.     In  one  of  our  cases  the  ring  and 
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little  fingers  were  always  hot,  and  the  index  and  middle 
fingers  cold. 

There  is  also  a  tendency  to  ankylosis  of  the  joints, 
which  perhaps  explains  the  subluxation  of  the  heads 
of  the  metacarpals  and  the  stiffness  of  all  the  knuckles. 

Sometimes,  in  analogous  cases,  the  same  muscles 
are  affected  to  a  less  degree,  and  then  there  is  a  slight 
movement  of  abduction  and  adduction,  but  flexion  of 
the  first  phalanges  on  the  metacarpus  is  always  impos- 


FiGS.  50  and  51, — As- 
sociated paralysis 
of  the  median  and 
ulnar  nerves  from 
wound  of  the  axilla 
(fourth type).  The 
flexor  sublimis  is 
much  affected; 


sible.     There  is  the  same  "  fork  back  "  appearance 
(fig.  48). 

Third  type. — The  small  muscles  of  the  hand  are  the 
ones  most  affected,  but  hyperextension  of  the  dorsal 
phalanx  is  less  pronounced  (fig.  49).  The  patient  can 
close  his  fist  ;  the  fingers  bend  a  little  at  the  metacarpo- 
phalangeal joint,  fairly  well  at  the  first  interphalangeal 
joint,  and  not  at  all  at  the  junction  of  the  second  and 
terminal  phalanges.     The  second  phalanx  of  the  thumb 

I  is  in  permanent  flexion,  and  shows  the  typical  deformity 
described  by  Jeanne  (of  Rouen).  In  spite  of  the  way 
in  which  the  heads  of  the  metacarpal  bones  project 
into  the  hand,  this  clawing  is  very  easily  overcome : 
the  "  fork  back  "  is  less,  pronounced. 
Fourth  type. — The  superficial  flexor  is  very  much 
1 
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affected  in  this  type  ;  the  fibres  of  the  deep  flexors 
supplied  by  the  ulnar  nerve  are  not  so  much  involved, 
and  this  accounts  for  the  faint  attempt  at  flexion  of 
the  fourth  and  fifth  fingers  and  the  slight  clawing  (figs. 
50  and  51). 

Though  paralysed,  the  interossei  react  fairly  well 
to  the  faradic  current. 

In  the  early  stage  there  was  paresis  of  the  muscles 


Fig.  53. — Partial  paralysis  of  median 
and  ulnar  nerves  (plexus  lesion)  (fifth 
type).     Associated  vascular  lesion. 
Fig.  52. — Partial  para- 
lysis of  median  and 
ulnar     nerves     (fifth 
type).       Associated 
vascular  lesion. 

supplied  by  the  musculo-spiral  nerve,  followed  by 
complete  recovery. 

Fifth  type.  — In  this  type,  too,  the  interossei  are  deeply 
implicated  ;  the  flexor  longus  pollicis  is  normal ;  the 
flexors  of  the  fingers  partially  contract ;  the  thenar 
muscles,  which  at  first  were  paralysed,  are  beginning  to 
recover. 

In  the  two  cases  which  we  illustrate  there  was  an 
associated  vascular  lesion,  fairly  well  compensated 
for  in  most  respects,  and  irritation  of  the  secretory 
fibres  which  led  to  excessive  sweating  in  the  median 
area  (figs.  52-54). 
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Finally,  in  all  these  different  types  the  amount  of 
paralysis  of  the  interossei  and  flexors  should  be  noted 
on  the  one  hand ;  and,  on  the  other,  the  strength  of 
the  extensors,  associated  vascular  lesions,  anastomoses 
of  the  nerve-trunks,  and,  finally,  articular  lesions 
should  be  taken  into  consideration. 

Articular  lesions  no  doubt  depend  on  individual 
susceptibility  to  disease  ;  but  we  are  inclined  to  think 
that  the  lesion  is  related  to  those  arthropathies  which 
set  in  early  in  some  wounded  men  and  result  in  great 
deformity. 

The  retraction  of  the  flexor  tendons  varies  in  dif- 
ferent individuals,  though  the  site  of  lesion  in  the  nerve 
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Fig.  54. — Partial  paralysis  of  median  and  ulnar  nerves 
from  injury  to  the  brachial  plexiis  (fifth  type).  Con- 
comitant vascular  lesion  and  retraction  of  tendons. 


may  be  identical.  Is  this  due  to  predisposition  on  the 
part  of  the  patient  or  to  degeneration  of  muscle  ?  Or 
is  there  any  established  equilibrium  between  the  flexor 
sublimis,  the  flexor  profundus,  and  the  interossei,  which 
varies  with  the  individual,  and  the  upset  of  which 
presents  different  features  according  to  the  type  of 
the  lesion  ? 

In  these  partial  palsies  it  may  be  as  well  also  to  take 
into  consideration  the  progressive,  though  unequal, 
return  of  movement  and  tone  to  some  of  the  muscles 
which,  as  they  recover,  cause  twitchings  and  alter  the 
equilibrium  of  the  articular  surfaces,  but,  when  in- 
flammation of  the  soft  parts  supervenes,  the  lesion  is 
established,  and  ankylosis  and  retraction  set  in.  Only 
vigorous  and  prolonged  treatment  avail  then  to  effect 
any  change  in  the  conditions. 
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EXPLANATION  OF  PLATE  IV. 

A.  Persistent  ulceration  of  the  tip  of  the  fingers,  involving  the 
nails  and  ending  in  retractile  cicatrices.  It  was  a  case  in  which  there 
had  been  complete  division  of  the  median  and  ulnur  nerves  complicated 
by  much  damage  to  the  brachial  artery. 

B.  Infiltrated  and  succulent  hand  in  a  case  of  lesion  of  the  axillary 
artery,  with  complete  division  of  the  ulnar  and  contusion  of  the  median 
nerve. 

Vasomotor  {discoloration  and  oedema),  thermic  (coldness),  and 
secretory  (absence  of  sweating)  symptoms  are  most  marked  in  the  last 
three  finders. 

C.  Serious  injury  to  the  ulnar  artery  on  the  right  side  at  the  lower 
third  of  the  forearm. 

IrredvA^ible  retraction  of  the  interossei,  probably  of  ischcemic  origin, 
and  deformity  of  the  terminal  phalanges  of  the  fingers  resembling  some 
forms  of  chronic  rheumatism. 

D.  Associated  lesion  of  ulnar  and  median  nerves ;  wound  of 
brachial  artery.     Profile  of  hand. 

Considerable  atrophy  of  thenar,  hypothenar,  and  interosseous  muscles. 

"  Ape-hand  "  clawing  of  all  the  fingers,  but  more  pronounced  in 
the  ring  and  little  fingers  ;  marked  projection  of  the  heads  of  the  meta- 
carpal bones  into  the  palm  of  the  hand.  Nevertheless  the  clawing  is 
passively  reducible. 
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CHAPTEK  VI 

THE  MUSCULO-CUTANEOUS  NERVE 

This  nerve  is  rarely  affected  alone  ;  more  commonly 
it  suffers  when  the  brachial  plexus  is  injured.  We 
have  also  seen  paralysis  of  this  nerve  complicated  by 
musculo-spiral  paralysis  in  the  arm  and  by  dissociated 
paralysis  of  the  median  nerve.  The  nerve  is  then 
nearly  always  injured  at  the  spot  where  it  pierces  the 
c  orac  o -brae  hialis . 

ANATOMY 

The  musculo-cutaneous  nerve  leaves  the  external  root  of  the 
median  nerve  in  the  axilla.  Its  fibres  are  derived  from  the  fifth 
and  sixth  cervical  nerves.  At  its  exit  from  the  axilla  it  perforates 
the  coraco-brachialis  muscle,  passes  obliquely  between  the  biceps 
in  front  and  brachialis  anticus  behind  to  the  outer  side  of  the  arm, 
and  a  little  above  the  elbow  becomes  subcutaneous  by  perforating 
the  deep  fascia  on  the  outer  side  of  the  tendon  of  the  biceps.  It 
then  divides  opposite  the  elbow  joint  into  an  anterior  and  posterior 
branch  and  supplies  the  integument  of  the  outer  half  of  the  forearm 
(figs.  16,  38,  and  39). 

In  its  course  through  the  arm  the  musculo-cutaneous  nerve 
supplies  muscular  branches  to  the  coraco-brachialis,  biceps,  and 
brachialis  anticus. 

The  branch  to  the  coraco-brachialis  is  given  off  from  the  nerve 
close  to  its  origin  under  the  lower  border  of  the  pectoralis  major. 
The  filament  to  the  biceps  is  supplied  after  the  nerve  has  pierced 
the  coraco-brachialis,  and  it  divides  into  two  branches  for  the  two 
heads  of  the  biceps. 

The  branch  to  the  brachialis  anticus  is  given  off  a  little  below 
that  to  the  biceps. 

It  is  quite  possible  that  the  terminal  cutaneous  branches  of  the 
musculo-cutaneous  nerve  supply  the  integument  of  the  first  dorsal 
interosseous  space  as  far  as  the  triangle  between  the  thumb  and 
index  finger  and  much  of  the  integument  of  the  thenar  eminence, 
taking  the  place — as  regards  sensibility — of  the  radial  and  median 
when  these  nerves  have  been  injured. 
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The  musculo-cutaneous  nerve  has  also  probably  something  to 
do  with  the  surprising  preservation  of  superficial  sensibility  in  the 
area  of  the  external  cutaneous  branch  of  the  musculo-spiral  nerve. 
Lastly,  the  important  and  frequent  communications  between  the 
musculo-cutaneous  and  the  median  nerves  along  their  course  in 
the  arm  should  not  be  overlooked. 


PHYSIOLOGY 

The  coraco-brachialis  muscle  retains  the  head  of  the  humerus 
firmly  in  the  glenoid  cavity  of  the  scapula  when  the  arm  is  lowered, 
and  it  thus  assists  in  this  movement. 

It  is  difficult  to  estimate  by  clinical  examination  alone  an  isolated 
aflPection  of  this  muscle. 

But  the  same  cannot  be  said  about  the  biceps  and  the  brachialis 
anticus  which  flex  the  forearm  on  the  arm. 

The  brachialis  anticus  is  an  independent  flexor  of  the  forearm, 
i.e.  it  produces  vigorous  flexion  of  the  forearm,  without  any  other 
movement. 

The  biceps  flexes  and  supinates  the  forearm.  To  obtain  proof  of 
this  functional  activity  it  is  only  necessary  to  apply  a  tetanising 
faradic  current  of  some  intensity  to  the  biceps  in  a  patient  suffering 
from  paralysis  of  the  median  nerve,  the  elbow  being  in  slight 
flexion,  the  hand  in  pronation  with  the  tonicity  of  the  pronators, 
nil,  or  much  diminished  (Babinski).  In  flexing  the  forearm  the 
biceps  also  completely  supinates  the  hand.  It  is  with  the  assistance 
of  the  biceps  that  patients  with  musculo-spiral  paralysis  can  supinate 
their  hands.  According  to  Duchenne  (of  Boulogne)  the  performance 
of  this  movement  of  supination  is  due  rather  to  the  short  than  to 
the  long  head  of  the  biceps. 

CLINICAL  EXAMINATION 

Motor  Changes. — ^In  case  of  a  severe  lesion  of  the 
musculo-cutaneous  nerve  from  complete  division, 
contusion,  or  compression  of  the  nerve-trunk  by  im- 
prisonment in  a  callus,  the  muscles  of  the  anterior 
humeral  region  are  totally  paralysed.  If  the  musculo- 
spiral  nerve  is  intact  the  patient  can  flex  the  forearm 
on  the  arm  very  well,  owing  to  the  aid  of  the  supinator 
longus.  But  the  power  of  resistance  is  lessened,  and 
palpation  of  the  muscular  parts  of  the  biceps  and 
brachialis  anticus  shows  that  these  muscles  are 
absolutely  flaccid. 

In  case  of  concomitant  musculo-spiral  and  musculo- 
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cutaneous  paralysis  either  in  the  arm  or  axilla,  active 
flexion  of  the  forearm  becomes  quite  impossible, 
because  the  muscles  of  the  anterior  humeral  region 
and  the  supinator  longus  are  paralysed.  The  arm 
hangs  down  by  the  side  of  the  body  in  hmp  extension  ; 
if  the  patient's  forearm  is  raised  and  let  go  again,  the 
suddenness  of  the  drop  depends  on  how  much  the 
tonicity  of  the  pronator  radii  teres  is  affected,  which 
is  an  accessory  flexor  of  the  forearm. 

Muscular  atrophy  is  usually  very  marked. 

Electrical  Changes. — Reaction  of  degeneration  is 
the  rule  ;  quantitative  changes  are  proportionate  to 
the  severity  of  the  lesion. 

Sensory  Changes  are  sometimes  very  pronounced 
in  the  musculo-cutaneous  region ;  at  otherS;  there  is 
hypsesthesia  to  pricking,  heat,  and  cold. 

When  the  musculo-cutaneous  nerve  is  affected  near 
its  origin  without  being  divided,  there  is  simultaneous 
paresis  of  the  biceps  and  brachialis  anticus,  with 
neuralgic  pains  in  the  region  of  this  nerve,  which  are 
most  marked  at  the  bend  of  the  elbow  and  in  the  first 
dorsal  interosseous  space,  where  the  pain  may  become 
causalgic. 

Reflexes. — The  stylo-radial  reflex  only  shows  con- 
traction of  the  supinator  longus. 

Idiomuscular  contraction,  which  is  exaggerated 
at  first,  becomes  less,  and  in  the  case  of  the  biceps  may 
show  some  slowness  in  release  of  contraction. 

Recovery. — Recovery  of  the  powers  of  movement 
and  sensation  proceeds  simultaneously,  and  in  a  few 
months'  time  there  is  voluntary  contraction  of  the 
biceps  and  the  sensory  symptoms  begin  to  disappear. 
Huet  has  repeatedly  insisted  that  the  length  of  a 
nerve  should  be  taken  into  consideration  in  estimating 
the  repair  of  nervous  lesions. 

In  lesions  of  the  plexus,  and  particularly  in  lesions 
of  the  upper  roots  of  the  brachial  plexus,  recovery  may 
often  be  seen  to  begin  in  the  circumflex  nerve,  then 
appear  in  the  musculo-cutaneous,  and  finally  occur  in 
the  branch  to  the  supinator  longus  (Huet). 


CHAPTER  VII 

THE  CIRCUMFLEX,  INTERNAL  CUTANEOUS, 
AND  LESSER  INTERNAL  CUTANEOUS  NERVES 

I. — The  Circumflex  Nerve 

As  in  several  hundreds  of  cases  of  peripheral  nerve 
lesions  we  have  never  come  across  isolated  paralysis 
of  the  circumflex  nerve,  sucji  cases  must  be  rare. 

The  anatomy  of  the  circumflex  nerve,  the  normal 
and  pathological  physiology  of  the  deltoid  and  teres 
minor  muscles  supplied  by  it,  as  well  as  the  sensory 
changes  which  its  injury  causes,  will  be  described  in 
connection  with  paralyses  of  the  brachial  plexus. 
Lesion  of  the  circumflex  or  of  its  branches  is  in  fact 
always  associated  with  paralysis  of  other  collateral  or 
terminal  branches  of  the  cervical  or  brachial  plexus. 

II. — The  Internal  Cutaneous  Nerve. 

Lesions  of  this  exclusively  sensory  nerve  fre- 
quently accompany  paralysis  of  the  median  or  ulnar, 
or  lesions  of  both  these  nerves  (Laignel-Lavastine). 

Anatomy  and  Physiology. — ^The  internal  cutaneous  nerve  arises 
from  the  inner  cord  a  little  internal  to  the  origin  of  the  ubiar  and 
inner  head  of  the  median.  It  derives  its  fibres  from  the  eighth 
cervical  and  first  dorsal  nerves. 

It  passes  along  the  axilla  and  inner  side  of  the  arm  in  close 
relation  to  the  artery  and  the  median  and  ulnar  nerves. 

It  pierces  the  deep  fascia  about  the  middle  of  the  upper  arm,  and 
soon  divides  into  two  terminal  branches — an  anterior,  which  supplies 
the  skin  of  the  anterior  and  internal  aspects  of  the  forearm  ;   and  a 
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posterior  and  more  slender  branch,  which  supplies  the  dorsal  and 
internal  aspects. 

The  internal  cutaneous  nerve  distributes  two  or  three  filaments 
to  part  of  the  anterior  aspect  of  the  arm  (figs.  38  and  39). 

It  frequently  communicates  with  all  the  other  nerves  of  the  upper 
extremity. 

When  the  nerve  has  been  divided  there  is  a  long 
narrow  area  of  anaesthesia,  which  is  very  marked  on 
the  inner  side  of  the  forearm. 

In  case  of  pressure  only,  numbness  over  the  inner 
side  of  the  forearm,  spreading  to  the  anterior  and 
posterior  aspects,  is  complained  of. 

The  internal  cutaneous  nerve  seems  to  be  able  to 
resist  considerable  pressure  ;  for  in  lesions  affecting 
the  median  and  ulnar  it  is  very  frequently  involved 
in  the  fibrous  tissue  which  has  formed  round  the 
wounded  nerves,  without  any  considerable  sensory 
changes  taking  place  in  its  cutaneous  area. 

III. — The  Lesser  Internal  Cutaneous  Nerve. 

The  function  of  this  nerve  is  exclusively  sensory,  and 

:e  the  internal  cutaneous,  it  arises  from  the  inner 
jord  of  the  brachial  plexus  and  receives  its  fibres  from 
;he  first  dorsal. 

It  communicates  with  the  lateral  cutaneous  branch 
)f  the  second  and  sometimes  of  the  third  intercostal 
lerve,  and  supplies  the  skin  of  the  inner  part  of  the 
irm  (figs.  38  and  39). 

When  the  lesser  internal  cutaneous  nerve  is  thought 
to  be  affected,  it  is  in  this  area  that  sensory  disturb- 
ances should  be  looked  for. 


CHAPTER  VIII 

THE  CERVICAL  AND  BRACHIAL 
PLEXUSES 

Paralyses  of  the  nerves  of  the  brachial  plexus  are  of 
very  common  occurrence  and  very  varied  in  nature, 
but  this  is  not  surprising  if  the  complexity  of  the 
large  nerve-trunks  in  the  neck  and  axiUa  and  the 
many  nerve-fibres  which  are  distributed  to  the  muscles 
from  it  are  borne  in  mind. 

This  complexity  makes  it  essential  to  know  the 
anatomy  of  this  region  and  the  physiology  of  the 
muscles  supplied  by  the  branches  of  the  plexus.  A 
minute  clinical  examination  of  the  paralytic  con- 
ditions on  the  one  hand  and  the  changes  in  objective 
sensibility  on  the  other  will  enable  the  clinician  to 
locahse  the  situation  of  the  lesion,  and  to  know  pre- 
cisely whether  the  injury  has  damaged  the  cervical 
roots  where  they  emerge,  or  after  the  formation  of  the 
primary  or  secondary  trunks  of  the  plexus. 

To  do  this  it  is  essential  to  have  a  diagram  before 
one's  eyes  showing  the  exact  height  at  which  the 
different  motor  nerve  branches  are  given  off  and  their 
proximity  to  one  another.  Henry  Meige  ^  has  drawn 
up  several  diagrams  of  this  description  which  not  only 
have  been  most  useful  to  us,  but  have  also  proved  an 
invaluable  guide  to  the  surgeon  in  operations  in  the 
region  of  the  cervical  and  brachial  plexuses. 

Plexus  paralysis  results  from  wounds  in  the  axilla 
or  neck  ;    frequently  the  projectile  has   entered  the 

1  Socieie  de  Neurologie,  June  29,  1916. 
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cervical  region  and  come  out  through  the  supra-  or 
infraspinous  fossa  ;  less  commonly  the  face  is  the 
point  of  entry,  and  the  neck  or  axilla  of  exit. 

Both  from  the  anatomical  and  physiological  points 
of  view,  it  will  be  advisable  to  describe  the  cervical 
plexus  immediately  after  the  brachial,  in  view  of  the 
possible  variation  in  the  course  of  the  projectile  and 
the  proximity  of  the  cervical  roots  to  one  another. 
For  though  isolated  lesions  of  the  cervical  are  some- 
what rare,  lesions  involving  both  brachial  and  cervical 
^1  plexuses  are  more  frequent. 

K  ANATOMY 

^^L  The  brachial  plexus  is  formed  by  the  union  of  the  anterior 
^Bf'divisions  of  the  fifth,  sixth,  seventh,  and  eighth  cervical  nerves  and 
^~  of  the  first  dorsal  nerve. 

It  is  easy  to  make  a  fairly  simple  plan  of  the  brachial  plexus.^ 
The  anterior  division  of  the  fifth  cervical  in  its  descending  course 
unites  with  that  of  the  sixth  cervical  to  form  a  common  trunk 
called  the  upper  primary  trunk. 

The  anterior  divisions  of  the  eighth  cervical  and  of  the  first  dorsal 
unite  at  the  junction  of  the  posterior  and  middle  thirds  of  the  first 
b  to  form  the  lower  primary  trunk. 

Between  the  upper  and  lower  trunks  the  anterior  division  of  the 
eventh  cervical  passes  horizontally  and  does  not  divide  ;  it  is  called 
the  middle  primary  trunk. 

Each  of  these  three  primary  trunks  divides  into  two  branches — an 
terior  and  a  posterior — ^which  communicate   and  unite  to  form 
Secondary  trunks. 

The  anterior  division  of   the  upper  primary  trunk  unites  with 
the  anterior  division  of  the  middle  primary  trunk  to  form  the  upper 
T  outer  secondary  trunk ;  the  anterior  division  of  the  lower  primary 
;trunk  forms  by  itself  the  lower  or  inner  secondary  trunk. 

Finally,  the  posterior  divisions  of  the  three  trunks  unite  to  form 
he  middle  secondary  trunk,  which  is  located  behind  the  upper  and 
lower  secondary  trunks. 

It  is  from  the  outer  end  of  these  secondary  trunks  that  the  nerves 
of  the  upper  extremity,  which  are  regarded  as  the  terminal  branches 
of  the  brachial  plexus,  arise. 

The  outer  or  upper  secondary  trunk  (upper  in  the  cervical  region, 
and  outer  in  the  axillary)  gives  rise  to  the  musculo-cutaneous  nerve 
and  the  outer  head  of  the  median. 

The  lower  or  inner  secondary  trunk  (lower  in  the  cervical,  inner 

^  A.  Soulie,  Les  nerfs  rachidiens,  in  Poirier  et  Oharpy,  tome  iii.  fasc.  in. 
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in  the  axillary  region)  gives  rise  to  the  ulnar,  internal  ctUaneous,  and 
the  inner  head  of  the  median  nerve. 

The  middle  secondary  trunk  gives  rise  to  the  musculo- spiral 
and  circumflex  nerves. 

At  the  point  where  the  fifth,  sixth,  and  seventh  cervical  nerves 
appear  between  the  scalenus  anticus  and  the  scalenus  medius,  they 
are  situated  in  front  of  the  anterior  divisions  of  the  eighth  cervical 
and  of  the  first  dorsal.  These  two  nerves  are  in  close  relation  to  the 
large  arteries  at  the  base  of  the  neck  and  to  the  dome  of  the  pleura. 

The  fusion  of  the  fifth  and  sixth  cervicals  into  an  upper  primary 
trunk  occurs  on  the  scalenus  medius,  external  to  the  outer  border 
of  the  scalenus  anticus.  This  point,  which  is  of  importance  in 
electro-diagnosis,  is  a  little  external  to  the  outer  border  of  the 
stemo-mastoid  muscle,  1-2  cm.  above  the  clavicle,  and  is  known  as 
ErVs  point. 

The  supraclavicular  portion  of  the  brachial  plexus  is  composed 
of  radicular  and  primary  trunks.  Below  the  clavicle  in  the  axillary 
region  are  the  secondary  trunks,  and  it  is  here  that  the  nerves  of  the 
upper  extremity  arise. 

The  axillary  artery  in  its  almost  entire  course  lies  between  the 
secondary  nerve- trunks  which  separate  it  from  the  axillary  vein. 
The  brachial  plexus  is  also  in  close  relation  at  the  outer  wall  of  the 
axilla  with  the  glands  draining  the  lymphatics  of  the  upper  extremity. 

In  our  study  of  the  large  nerve- trunks  of  the  upper  extremity, 
we  described  the  motor  and  sensory  ramifications  of  the  terminal 
branches  of  the  brachial  plexus. 

We  must  now  refer  to  the  collateral  branches  of  the  brachial 
plexus.  For  convenience  sake,  they  are  divided  into  posterior 
branches  or  muscular  nerves  of  the  dorsal  region  of  the  shoulder, 
and  anterior  branches  supplying  the  muscles  on  the  ventral  side 
of  the  shoulder. 

A.  The  posterior  branches  are  seven  in  number : — 

1.  Those  which  arise  on  the  posterior  aspect  of  the  radicular 
trunks  are  (a)  the  nerve  to  the  levator  anguli  scapulce  and.  the  rhomboidei 
(it  is  derived  from  the  fourth  and  fifth  cervicals) ;  (b)  the  nerve  to 
the  serratus  magnus  (fifth,  sixth,  and  seventh  cervicals). 

2,  Those  which  arise  on  the  posterior  aspect  of  the  plexus  (primary 
and  secondary  trunks),  and  consequently  are  more  external  than 
the  preceding. 

(a)  The  upper  subscapular  nerve  (C^,  C^) ;  (6)  the  lower  subscapular 
nerve  (C^  C^  C) ;  (c)  the  nerve  to  the  teres  major  {C%  C) ;  (d)  the  nerve 
to  the  latissimus  dorsi  (C^,  C,  C^) ;   (e)  the  circumflex  nerve  (C^  C^). 

The  last,  on  account  of  its  comparatively  large  size  sometimes 
regarded  as  the  terminal  branch  of  the  plexus,  arises  from  the  pos- 
terior secondary  trunk  of  the  brachial  plexus  in  common  with  the 
musculo-spiral  nerve ;    it  passes  downward  and  outward  behind 
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the  axillary  artery  a  little  above  the  musculo-spiral.  In  company 
with  the  posterior  circumflex  artery  it  crosses  the  surgical  neck  of 
the  humerus  and  distributes  filaments  to  the  deltoid  muscle,  beneath 
which  it  is  placed. 

In  its  course  it  has  supplied  branches  to  the  axillary  artery,  to 
the  shoulder- joint,  and  two  more  important  branches — the  Tierve  of 
the  teres  minor  and  the  cutaneous  nerve  of  the  shoulder,  which  supplies 
the  integument  over  the  deltoid  and  the  posterior  and  upper  half 
of  the  arm. 

B.  The  anterior  branches  of  the  scapular  girdle  are  four  in  number : — 

1.  The  suprascapular,  which  arises  from  the  upper  primary  trunk 
(C*,  C^),  winds  round  the  upper  part  of  the  plexus  and  enters  the 
supraspinous  fossa.  It  supplies  branches  to  the  scalenus  medius,  but 
more  particularly  muscular  branches  to  the  supra-  and  infraspinatus, 
osseous  branches  for  the  scapula,  and  articular  filaments  to  the 
shoulder-joint. 

The  other  three  branches,  called  anterior  thoracic  nerves,  arise 
from  the  anterior  aspect  of  the  brachial  plexus. 

2.  Nerve  to  the  subclavius  (C^,  C*). 

3.  Externxil  anterior  thoracic  nerve,  or  nerve  to  the  pectoralis  major, 
arisesirom  the  upper  secondary  trunk  of  the  brachial  plexus(C^  C^  C') ; 
it  passes  in  front  of  the  axillary  artery,  and  is  distributed  to  the 
under  surface  of  the  pectoraUs  major. 

4.  Internal  anterior  thoracic  nerve,  or  nerve  to  the  pectoralis  minor, 
arises  from  the  lower  secondary  trunk  (C,  C). 

Before  concluding  the  brachial  plexus  we  wiU  enumerate  the  roots 
from  which  the  terminal  branches  of  the  brachial  plexus  arise : — 

The  musculo-cutaneous  is  derived  from  the  fifth,  sixth,  and  seventh 
cervical  roots. 

The  median  is  derived  from  the  sixth,  seventh,  and  eighth  cervical 
and  first  dorsal. 

The  musculo-spiral  is  derived  from  the  sixth,  seventh,  and  eighth 
cervical. 

The  ulnar  is  derived  from  the  seventh  and  eighth  cervical  and 
first  dorsal. 

The  internal  cutaneous  is  derived  from  the  eighth  cervical  and 
first  dorsal. 

The  lesser  internal  cutanex)us  is  derived  from  the  first  and  second 
dorsal. 

The  cervical  plexus  is  formed  by  the  anterior  divisions  of  the 
four  upper  cervical  nerves.  Each  of  these  anterior  divisions  at  the 
transverse  process  of  the  corresponding  vertebra  divides  into  two 
branches — ascending  and  descending — ^which  unite  with  similar 
twigs  from  the  adjacent  branch  to  form  loops,  called  cervical  loops. 

The  three  loops  formed  by  the  first  four  cervical  nerves  form  the 
cervical  plexus. 


126     CLINICAL  FORMS  OF  NERVE  LESIONS 

The  nerves  of  the  plexus  spring  direct  either  from  the  anterior 
cervical  branches  or  from  the  communicating  loops  uniting  these 
branches.  For  convenience  of  description  they  are  divided  into 
superficial  or  cutaneous,  named  collectively  the  superficial  cervical 
plexus  ;  and  into  deep  or  muscular,  called  the  deep  cervical  plexus. 

There  are  four  branches  of  the  superficial  cervical  plexus,  all 
sensory  in  function  : — 

1.  The  mastoid  branch  (C^,  C^  C)  divides  near  the  mastoid  process 
into  an  anterior  and  posterior  branch,  and  supplies  the  skin  of  the 
lateral  occipital  region. 

2.  The  auricular  branch  {Q\  C\  C^)  also  divides  into  two  branches, 
anterior  and  posterior,  which  supply  the  skin  in  the  parotid  region. 

3.  The  transverse  cervical  branch  (C^,  C^)  divides  into  an  ascending 
and  descending  branch,  and  is  distributed  to  the  skin  of  the  antero- 
lateral aspect  of  the  neck. 

4.  The  supraclavicular  branch  (C^  C*),  comprising  sternal,  clavi- 
cular, and  acromial  branches,  supplies  the  skin  of  the  shoulder. 

The  deep  cervical  plexus  consists  of  muscular  and  communicating 
branches.     The  former  are  the  more  important  for  our  purpose. 

For  convenience  sake  they  are  usually  divided  into  internal, 
external,  and  descending  branches. 

There  are  three  internal  branches  : — 

1.  The  nerve  to  the  rectus  capitis  anticus  minor  (C^). 

2.  The  nerve  to  the  rectus  capitis  anticus  major  (C^). 

3.  The  nerves  to  the  longus  colli  (C^,  C^,  C*). 

There  are  six  external  branches : — 

1.  The  nerve  to  the  rectus  capitis  lateralis  (C^). 

2.  The  nerve  to  the  sterno-mastoid  (C^,  C^). 

3.  The  nerves  to  the  scalenus  muscles  (C^,  C*). 

4.  The  nerve  to  the  trapezius  (C^). 

5.  The  nerve  to  the  levator  anguli  scapulce  (C^  C*). 

6.  The  nerve  to  the  rhomboideus  (C^  C*). 

We  should  not  forget  that  the  trapezius  and  stemo-cleido-mastoid 
muscles  are  supplied  in  addition  by  the  spinal  accessory  (eleventh 
cranial  nerve),  and  that  the  levator  anguli  scapulae  and  the 
rhomboid  also  receive  filaments  from  the  brachial  plexus. 

The  descending  branches  of  the  deep  cervical  plexus  are  two 
in  number : — 

1.  The  internal  descending  branch  {C\  C^)  communicates  with  the 
descending  branch  of  the  hypoglossus  to  form  a  loop  (ansa  hypo- 
glossi),  from  the  convexity  of  which  branches  pass  to  supply  the 
stemo-hyoid,  the  stemo -thyroid,  and  the  anterior  and  posterior 
bellies  of  the  omo-hyoid. 

2.  The  phrenic  nerve  (C,  C*,  C^),  for  the  diaphragm. 
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PHYSIOLOGY  OF  THE  MUSCLES  OF  THE   SHOULDER 

The  trapezius. — Total  contraction  of  this  muscle  lifts  the  whole 
scapula,  whilst  its  vertebral  border  approaches  the  middle  line, 
and  the  point  of  the  shoulder  is  drawn  from  before  backwards  and 
from  without  inwards  ;  the  head  is  then  thrown  back  and  turned 
to  the  opposite  side.^ 

In  clinical  medicine,  the  strength  of  the  trapezius  can  be  tried 
by  asking  the  patient  to  shrug  his  shoulders  hard,  throwing  them 
back  and  bringing  the  two  shoulder  blades  together.  The  observer 
should  resist  this  movement  by  pressing  his  hands  on  the  patient's 
shoulders  ;  it  is  then  possible  to  realise  the  extent  to  which  the 
trapezius  has  lost  power. 

Normally,  in  a  subject  who  lets  his  arms  hang  down  naturally 
by  the  sides  of  the  body,  the  vertebral  border  of  the  scapula  is  nearly 
parallel  with  the  spinal  column,  and  generally  about  5-6  cm.  from 
the  middle  line. 

When  the  trapezius  is  paralysed,  atrophy  may  only  affect  the 
lower  part  of  the  muscle,  where  it  is  attached  to  the  inner  half  of 
the  spine  of  the  scapula  and  acromion.  Then  the  vertebral  border 
of  the  bone  deviates  from  the  middle  line — the  more  marked  the 
atrophy,  the  greater  the  deviation:  at  the  same  time  the  shoulder 
is  lower  than  on  the  sound  side  :  the  shoulder  is  tilted  forward  and 
the  chest  becomes  hollow. 

If  atrophy  involves  all  the  fibres  of  the  trapezius  which  are  con- 
nected with  the  scapula — spine  and  acromion — the  shoulder  drops 
and  the  scapula  is  tilted  so  that  its  inner  angle  deviates  from  the 
middle  line  and  approximates  to  the  shoulder ;  whilst  its  outer 
angle  drops  and  its  lower  angle  rises  and  approximate?  to  the  middle 
line,  projecting  under  the  skin. 

If  a  patient  with  paralysis  of  the  lower  part  of  the  trapezius  is 
asked  to  bring  his  shoulder-blades  together  vigorously,  the  action 
of  the  rhomboid  is  brought  into  play,  elevating  and  retracting  the 
scapula  :  it  forms  a  strong  oblique  cord  running  from  below  upwards 
and  from  without  inwards  on  its  route  from  the  lower  angle  of  the 
scapula  to  the  cervico-dorsal  column.  The  clavicular  portion  of 
the  trapezius  is  supplied  both  by  the  cervical  plexus  and  the  spinal 
accessory  :  it  is  chiefly  respiratory  and  not  much  of  an  elevator. 
If  the  whole  of  the  trapezius  is  paralysed,  the  shoulder  seems  to 
slip  away  from  the  thorax,  much  to  the  discomfort  of  the  patient. 

The  rhomboid,  as  we  have  seen,  pulls  the  scapula  upwards  towards 
the  middle  line,  approximating  its  inferior  angle  to  the  vertebral 
column,  while  the  internal  angle  is  drawn  away  from  it.  The 
trapezius,  acting  in  conjunction  with  the  rhomboid,  directly  lifts 
the  shoulder ;    if  it  is  raised  energetically  the  rhomboid   chiefly 

^  Duchenne  (of  Boulogne),  Physiologie  des  mouvements,  1867. 
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comes  into  play.  If  this  muscle  is  paralysed  and  atrophied  at  the 
same  time  as  the  trapezius,  the  groove  between  the  spinal  column 
and  the  scapula  becomes  deeper.  The  rhomboid  steadies  the 
vertebral  border  of  the  scapula,  and  paralysis  of  it  makes  it  difficult 
to  draw  the  arm  backwards  and  outwards. 

It  is  desirable  to  be  able  to  judge  of  changes  in  position  and 
strength  of  resistance,  for,  in  spite  of  the  loss  of  function  of  the 
rhomboid  and  of  the  trapezius,  the  patient  can  bring  his  shoulder- 
blades  together  with  force  by  means  of  the  upper  fibres  of  the 
latissimus  dorsi. 

The  levator  anguli  scapulce,  which  passes  from  the  superior  angle 
of  the  scapula  to  the  transverse  processes  of  the  first  four  or  five 
cervical  vertebrae,  raises  and  rotates  the  superior  angle  of  the 
scapula  inward,  drawing  the  point  of  the  shoulder  with  it. 

The  serratus  magnus. — Contraction  of  all  the  fibres  of  this  muscle 
results  in  carrying  the  scapula  forwards,  outwards,  and  upwards  ; 
it  is  an  important  inspiratory  muscle,  but  in  supporting  weights 
it  does  not  contract. 

It  contracts  vigorously,  in  conjunction  with  the  pectoralis  major 
in  the  action  of  pushing  forward  with  the  point  of  the  shoulder. 

Its  action  is  closely  associated  with  that  of  the  deltoid,  and  it 
assists  it  in  raising  the  arm. 

When  the  serratus  magnus  is  paralysed,  the  position  of  the  scapula, 
when  at  rest,  is  not  abnormal,  as  it  is  held  close  to  the  wall  of  the 
thorax  by  the  trapezius  and  rhomboid.  But  if  these  muscles  are 
paralysed  too,  the  scapula  drops  completely,  its  lower  angle  moves 
towards  the  middle  line,  and  its  axillary  border  becomes  almost 
horizontal. 

In  order  to  demonstrate  paralysis  of  the  serratus  magnus,  ask 
the  patient  to  bring  his  arm  forward  horizontally.  The  result 
will  be  a  very  characteristic  deformity :  the  anterior  aspect  of  the 
scapula  leaves  the  thorax  and  its  vertebral  border  stands  out 
prominently  from  the  middle  line  under  the  skin.  The  patient  is 
not  so  well  able  to  lift  the  arm  as  on  the  sound  side,  for,  as  the 
scapula  is  no  longer  fixed,  the  deltoid  cannot  work  properly. 

If  he  is  told  to  raise  his  arms  at  the  side  instead  of  in  front,  there 
is  the  same  difficulty  in  attaining  the  horizontal,  but  the  deformity 
of  which  we  have  spoken  will  be  less  apparent. 

The  deltoid  raises  the  arm  directly  from  the  side  to  a  right  angle 
with  the  trunk,  and  in  doing  so  the  vertebral  border  of  the  scapula 
stands  out  from  the  wall  of  the  thorax.  But  if  it  is  desired  to 
raise  the  arm  completely,  the  scapula  must  turn  so  that  its  external 
angle  is  raised.  After  the  deltoid  has  raised  the  arm  to  a  right 
angle  with  the  trunk,  the  serratus  magnus  with  the  middle  part  of 
the  trapezius  completes  the  movement. 

Whenever  the  arm  is  vigorously  raised  all  the  fibres  of  the  deltoid 
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contract.  But  in  some  positions  a  few  of  the  fibres  must  relax ; 
thus,  whenever  the  ann  is  drawn  forwards  or  inwards  the  posterior 
fibres  relax. 

Each  of  the  fasciculi  of  the  deltoid  should  be  examined  separately, 
both  from  the  clinical  and  electrical  points  of  view. 

The  supraspinatus  muscle  lifts  the  humerus  and  draws  it  forwards 
and  outwards.  Though  much  weaker  than  the  deltoid,  it  is  strong 
enough  to  raise  the  arm  when  the  deltoid  is  completely  atrophied. 

The  infraspinatus  and  the  teres  minor  are  one  and  the  same 
muscle,  physiologically,  and  rotate  the  head  of  the  humerus  out- 
wards. 

The  svhscapularis,  on  the  contrary,  rotates  the  arm  inwards. 

These  three  last-named  muscles  assist  in  the  movements  of  supina- 
tion and  pronation,  as  we  have  already  said  in  studying  the  lesions 
of  the  musculo-spiral  and  median  nerves. 

The  pectoralis  major  when  fully  contracted  adducts  and  simul- 
taneously draws  the  arm  forward. 

In  studying  the  action  of  this  muscle  we  should  distinguish  between 
the  upper  portion,  i.e.  the  clavicular  and  upper  sternal  digitations, 
and  the  lower  portion,  i.e.  the  lower  sternal  digitations,  the  costal 
fasciculi,  and  the  fasciculus  attached  to  the  abdominal  aponeurosis. 

The  upper  portion  in  contracting  draws  the  point  of  the  shoulder 
upwards  and  forwards.  If  the  arm  is  raised  to  the  vertical,  con- 
traction of  this  portion  of  the  muscle  draws  the  shoulder  forwards 
and  towards  the  middle  line  and  depresses  it  to  the  horizontal. 

The  lower  portion  also  depresses  the  upper  extremity  to  the  hori- 
zontal and  below  it. 

To  test  the  power  of  resistance  of  the  pectoralis  major,  ask  the 
patient  to  keep  his  elbow  firmly  flexed  against  his  trunk  with  the 
shoulder  depressed  ;  he  should  then  oppose  any  attempt  at  forcible 
abduction  of  the  limb.  The  observer  should  meanwhile  note  the 
strength  of  the  movement,  and  carefully  palpate  the  muscle  to  judge 
of  its  power  of  contraction  in  comparison  with  the  sound  side. 

The  latissimus  dorsi  muscle  depresses  the  shoulder,  draws  the  arm 
inwards,  rotates  it  backwards,  and  brings  the  scapula  to  the  middle 
line. 

When  the  two  latissimi  dorsi  contract  simultaneously,  the  shoulders 
become  less  prominent  and  are  carried  obliquely  backwards  and 
inwards.  At  the  same  time  there  is  strong  extension  of  the  dorsal 
part  of  the  trunk.  In  short,  these  two  muscles  contract  in  the 
attitude  known  as  "  shouldering  arms."  In  testing  the  power  of 
resistance  of  the  latissimus  dorsi,  the  patient  should  be  told  to  place 
his  affected  hand  behind  his  back  on  the  buttock  of  the  sound  side, 
and  in  this  position  to  resist  the  observer's  attempts  to  draw  the 
arm  forwards. 

The  teres  major  raises  the  shoulder,  brings  the  inner  aspect  of  the 
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arm  and  the  axillary  border  of  the  scapula  together,  and  draws  the 
humerus  backwards  :   its  action  in  depressing  the  arm  is  weak. 

The  sterno-deido-mastoid,  as  it  contracts,  moves  the  head  in  three 
ways : — 

1.  It  bends  it  on  the  spinal  column. 

2.  It  draws  it  to  the  shoulder  of  the  same  side. 

3.  It  rotates  the  head  so  as  to  carry  the  chin  to  the  opposite  side. 

To  test  the  power  of  resistance  of  the  left  stemo-mastoid,  for 
instance,  the  patient  should  be  asked  to  bend  his  head  slightly, 
and  to  turn  it  to  the  right,  and  then  asked  to  resist  the  observer's 
attempt  to  draw  it  to  the  left  by  taking  hold  of  his  chin. 

When  the  muscle  is  paralysed,  its  power  of  resistance  is  diminished 
and  it  no  longer  stands  out  under  the  skin  as  it  does  normally. 

The  scalenus  anticus  is  an  inspiratory  muscle ;  it  also  serves  to 
turn  the  head  to  its  own  side. 

Simultaneous  bilateral  contraction  of  the  scaleni  muscles  makes 
the  cervical  column  very  rigid,  by  immobilising  the  vertebrse  into 
which  they  are  inserted. 

Too  much  importance  must  not  be  attached  to  the  clinical  ex- 
amination of  the  muscles  of  the  infrahyoid  region. 

Electrical  examination  will,  however,  soon  show  whether  they 
are  affected. 

The  muscles  of  the  anterior  vertebral  region  supplied  by  the 
first  cervical  roots  (rectus  capitis  anticus  major,  rectus  capitis  anticus 
minor,  etc. )  are  of  minor  importance,  and  their  clinical  and  electrical 
examination  is  difficult  or  impossible. 

Various  Clinical  Types  of  Plexus  Paralysis 

I.  LOWER  PLEXUS  PARALYSIS 

This  is  limited  to  the  common  trunk  of  the  median 
and  ulnar  nerves. 

We  have  already  given  a  brief  description  of  the 
different  kinds  of  deformity  produced  by  total  and 
partial  paralysis  of  these  two  nerves. 

The  symptoms  are  the  same  when  the  axilla  is  the 
site  of  the  lesion. 

At  the  onset  the  lesion  of  the  plexus  has  probably 
been  more  extensive,  involving  j}he  musculo-spiral 
or,  less  commonly,  both  the  musculo-spiral  and  the 
musculo-cutaneous  nerves  ;  but  when  these  nerves 
have  recovered  their  function,  the  only  sequela  which 
persists  is  affection  of  the  median  and  ulnar  nerves. 


CERVICAL  AND  BRACHIAL  PLEXUSES     131 


n.  UPPER  PLEXUS  PARALYSIS  (C^  C«) 

Paralysis  of  the  upper  roots  of  the  brachial  plexus, 
due  to    lesion   of   the   fifth    and 
sixth  cervical  roots,  is  well  defined 
and   fairly    common    (Erb-Duch- 
enne  paralysis). 

Motor  Symptoms.— The  muscles 
affected  by  paralysis  and  wasting 
in  this  lesion  are  the  deltoid, 
biceps,  brachialis  anticus,  and 
supinator  longus,  as  well  as  the 
supraspinatus  and  infraspinatus, 
rhomboideus  and  subscapular  is, 
the  clavicular  fibres  of  the 
pectoralis  major,  serratus  magnus, 
and,  finally,  the  latissimus  dor  si 
and  teres  major. 

The  most  striking  symptom, 
on  the  one  hand,  is  that  the 
arm  cannot  be  flexed  at  the  elbow 
on  account  of  paralysis  of  the 
flexors  of  the  forearm,  nor  can 
it  be  raised  or  abducted  on 
account  of  paralysis  of  the  del- 
toid ;  but,  on  the  other  hand, 
the  movements  of  the  wrist  and 
fingers  are  not  interfered  with, 
because  the  functional  activity 
of  the  muscles  is  quite  unim- 
paired. 

On  closer  examination  it  will 
be  found  that  the  arm  is  weak 
in  adduction  (pectoralis  major), 
and  that  it  can  only  be  feebly 
rotated  inwards  or  outwards 
(supraspinatus  and  infraspin- 
atus), or  not  at  all  ;  and  in 
an  attempt  to  appose  the  two 
shoulder-blades,  the  bone  on  the  affected  side  deviates 


Fig.  55. — Sensory  radi- 
cular distribution  of 
upper  limb  (external 
aspect). 
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more  from  the  middle  line,  and  the  rhomboid  stands 
out  less. 

The  patient  can  barely,  or  only  feebly,  put  his 
affected  hand  on  the  buttock  of  the  sound  side.  To 
test  this  weakness  of  the  latissimus  dorsi  the  muscle 
at  the  posterior  border  of  the  base  of  the  axiUa  should 
be  palpated  and  compared  with  the  sound  side. 

It  should  be  remembered  that  in  these  cases  there 
is  frequently  ankylosis  of  the  shoulder,  which  limits 
the  movement  of  the  joint. 

Atrophy,  which  at  first  appears  to  involve  the  whole 
of  the  upper  limb,  is  chiefly  confined  to  considerable 
flattening  of  the  shoulder,  and  the  muscles  of  the 
supra-  and  infraspinous  fossae,  biceps,  and  supinator 
longus. 

Electrical  Changes. — Electrical  changes  may  be 
very  marked  at  an  early  stage. 

Reaction  of  degeneration  is  often  complete  in  the 
deltoid,  the  anterior  segment  of  the  arm,  and  the 
supinator  longus,  and  nearly  so  in  the  supra-  and 
infraspinati,  though  it  may  be  partial  in  the  other 
muscles. 

Sensory  Symptoms. — Sensory  disturbances  affect  a 
root  distribution,  and  occupy  a  transverse  band  along 
the  outer  border  of  the  arm,  the  forearm,  and  hand  in 
the  area  of  the  fifth  and  sixth  cervical  roots  (fig.  56). 

They  take  the  form  of  hypsesthesia  to  pricking, 
anaesthesia  to  slight  touch,  and  often  anaesthesia  to 
cold,  but  more  particularly  to  heat. 

In  the  early  stages  this  sensory  disturbance  seems 
to  be  so  great  that  some  patients  complain  that  they 
cannot  feel  their  arm  at  all,  and  even  go  so  far  "  as 
to  look  for  it  in  their  bed,"  although  there  is  no  accom- 
panjring  lesion  of  the  cervical  cord. 

These  sensory  symptoms  soon  improve  ;  but  as 
the  lesion  disappears,  "  pins  and  needles  "  and  burn- 
ing sensations  over  the  whole  area  affected  by  hyp- 
aesthesia,  but  principally  in  the  thumb  and  index 
finger,  are  complained  of. 

Reflexes. — The    reflexes    are    affected.     The    stylo- 
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radial   reflex   causes    no    contraction    of   the   biceps, 
supinator  longus,  or  deltoid  muscles. 

Percussion  of  the  styloid  process  of  the  radius,  in- 


I 


1      Fig.  56. — Sensory  radicular  distribution  of  the  upper  limb  (ventral 
I  aspect  on  the  left,  dorsal  aspect  on  the  right). 

stead  of  causing  normal  flexion  of  the  forearm, 
produces  a  more  or  less  energetic  flexion  of  the 
fingers. 
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The  triceps  reflex  is  normal  and  sometimes  brisk. 

The  scapula  reflex  produces  no  contraction  of  the 
deltoid  or  of  the  supra-  and  infraspinati,  and  fre- 
quently, too,  contraction  of  the  pectoralis  major  is 
absent. 

Idiomuscular  contraction,  which  is  generally  strong 
in  all  the  muscles,  becomes  slow  at  last  in  the  anterior 
segment  of  the  arm,  deltoid,  and  supra-  and  infra- 
spinati. 

Recovery. — Recovery  of  the  power  of  movement 
begins  in  a  few  months,  for  in  this  upper  root  form, 
as  in  most  of  the  lesions  of  the  brachial  plexus  and  its 
roots,  there  is  a  remarkable  tendency  to  a  complete 
or  partial  disappearance  of  motor  and  sensory  dis- 
turbances. 

The  biceps  and  brachialis  antic  us  seem  to  regain 
their  functional  activity  quicker  than  the  supinator 
longus. 

To  flex  the  forearm  the  patient  raises  his  shoulder 
vigorously,  stiffening  all  the  muscles  and  leaning  over 
to  the  sound  side,  and  lifts  his  arm  passively  with  the 
lateral  wall  of  the  thorax  to  supplement  the  defective 
movement  of  the  deltoid.  Then  the  forearm  and  hand 
creep  down  the  side  of  the  trunk,  and,  with  maximum 
flexion,  the  hand  will  be  as  high  as  the  sound  shoulder, 
but  cannot  reach  the  shoulder  on  its  own  side.  These 
first  attempts  at  flexion  of  the  elbow  are  imperfect  and 
soon  exhausted. 

The  rhomboideus,  pectoralis  major,  latissimus  dorsi, 
and  teres  major  are  not  slow  in  recovering  functional 
activity,  for  in  them  paralysis  is  sometimes  only 
partial.  The  deltoid,  supra-  and  infraspinati,  and 
the  supinator  longus  are  the  only  muscles  which  take 
a  long  time  to  recover  completely. 

Faradic  excitability  and  galvanic  excitability  return 
long  before  complete  restoration  of  movement. 

Sometimes  involuntary  movements  of  abduction 
and  adduction  of  the  thumb,  of  pronation  and  supi- 
nation of  the  forearm,  etc.,  are  noticed  whilst  recovery 
of  movement  is  taking  place. 
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m.  WUDDLE  PLEXUS  PARALYSIS 

A  third,  and  very  common,  variety  of  plexus  lesion 
is  paralysis  of  the  musculo-spiral  and  circumflex  nerve- 
roots  (posterior  cord),  which  causes  total  musculo- 
spiral  paralysis,  including  the  triceps,  and  complete 
paralysis  of  the  deltoid  muscles.  A  glance  at  Plate  VI . 
will  explain  why  paralysis  of  the  latissimus  dor  si  so 
commonly  occurs  (as  well  as  paralysis  of  the  subscapu- 
laris  and  teres  major),  for  the  nerve  supplying  the  latis- 
simus dorsi  arises  from  the  musculo-spiral  and  circum- 
flex trunk,  or  from  the  circumflex  nerve  direct. 

Sometimes  paralysis  of  distant  muscles,  such  as  the 
supra-  and  infraspinati,  occurs  simultaneously.  The 
course  of  the  projectile,  the  injury  it  does  to  bones 
and  muscles,  the  pressure  due  to  extravasation  of 
blood,  and  the  subsequent  formation  of  cicatricial 
tissue  account  for  this. 

IV.  COMPLEX  PARALYSIS  OF  THE  PLEXUS 

In  addition  to  the  three  simple  and  clearly -deflned 
types  of  paralysis  just  mentioned  ther,e  may  be  more 
complicated  paralyses  involving  the  whole,  or  nearly 
the  whole,  of  the  brachial  plexus. 

Careful  examination  of  the  functional  activity  of 
each  segment  of  the  upper  extremity,  and  of  each  in- 
dividual muscle,  as  well  as  investigation  of  the  sensory 
disturbances  in  all  the  areas  of  the  cervical  and 
brachial  plexuses,  would  be  essential  to  gauge  the 
extent  and  gravity  of  the  lesion.  Some  months' 
observation,  repeated  clinical  and  electrical  examina- 
tions, would  enable  the  observer  to  estimate  the  re- 
covery of  a  certain  amount  of  function  or  the  persist- 
ence in  gravity  of  the  lesion. 

If  there  is  no  marked  improvement  (other  circum- 
stances being  favourable),  surgical  intervention  should 
be  resorted  to.  Sometimes  a  nerve-trunk  requires 
freeing  from  a  callus  of  the  clavicle  or  from  cica- 
tricial sclerosis,  and  at  other  times  the  divided  nerves 
require  suture. 
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We  must,  however,  repeat  that  lesions  of  the  brachial 
plexus  have  a  general  tendency  to  recover,  and  that  re- 
covery may  be  complete  after  the  lapse  of  from  six 
months  to  two  years,  according  to  the  circumstances 
of  the  case.  Often  this  recovery  is  only  partial,  and 
definite  paralysis  of  one  or  two  nerves,  or  of  some 
muscles,  may  be  permanent. 

The  following  is  a  brief  account  of  some  cases,  with 
their  corresponding  diagrams.  They  give  some  idea 
of  the  great  variety  of  the  lesions  of  the  brachial 
plexus,  and  of  the  first  four  cervical  roots  or  their 
collateral  branches. 

Case  I. — Shrapnel  bullet  wound  :  point  of  entry,  innermost  part 
of  the  left  infraspinous  fossa;  of  exit,  right  subclavicular  region 
3  cm.  from  the  lower  border,  and  four  fingers'  breadths  to  the  left 
of  the  sternal  extremity  of  the  clavicle.     Wound  of  lung. 

Immediate  paralysis  of  left  arm  ;  total  paralysis  of  the  musculo- 
spiral  and  circumflex  trunk,  and  of  the  musculo-cutaneous.  Less 
marked  paralysis  of  the  supra-  and  infraspinati,  rhomboideus, 
subscapularis,  pectoralis  major,  and  teres  major.  Paresis  of  the 
pronators  and  flexors  of  the  wrist.  Ulnar  and  internal  cutaneous 
nerves,  flexors  of  fingers  and  thenar  muscles  unaffected.  Very 
marked  hypsesthesia  in  the  circumflex  area,  less  marked  in  the 
musculo-spiral  and  in  the  forearm  and  hand. 

Complete  reaction  of  degeneration  of  the  muscles  supplied  by  the 
musculo-spiral  and  circumflex  nerves  and  of  the  anterior  segment 
of  the  arm.  Partial  reaction  of  degeneration  of  the  pectoralis  major, 
latissimus  dorsi,  supra-  and  infraspinati,  teres  major,  pronator 
radii  teres,  and  flexor  carpi  radialis  ;  the  flexor  muscles  of  the  fingers 
and  thumb  and  the  thenar  muscles  were  more  slightly  affected. 

Fig.  57  shows  the  probable  localisation  of  the  lesion  in  view  of 
the  course  taken  by  the  bullet  and  the  clinical  signs. 

Case  II. — Rifle  bullet  wound :  point  of  entry  just  above  the  middle 
part  of  the  right  clavicle  (fracture),  three  fijngers'  breadths  to  the 
right  of  the  sternal  head  of  the  sterno-cleido-mastoid ;  point  of 
exit,  behind  through  the  middle  of  the  infraspinous  fossa  at  three 
fingers'  breadths  above  the  inferior  angle  of  the  scapula.  Imme- 
diate paralysis.  Total  paralysis  of  the  musculo-spiral,  circumflex, 
ulnar  and  internal  cutaneous  nerves.  Partial  paralysis  of  the 
flexor  muscles  of  the  fingers  and  thenar  muscles.  Paresis  of  the 
palmars  and  pronator  radii  teres,  biceps,  and  brachialis  anticus. 
Painful  phenomena  in  the  median  area.  Sensory  disturbances  in  the 
musculo-spiral,  ulnar  and  internal  cutaneous  regions. 
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LOCALISATION  op  LESIONS 
IN   BRACHIAL  PLEXUS. 


MUSCLES. 


-Serratusmag, 
Latis.  dorsi, 
-Teres  major, 

•Lower  subscapular 


Trapezitis. 


(  Levator  anguli  scapulae. 
I  Rhomboideus 

i  Supra-  and  infraspinatus 
I  Subclavius. 
l^Subscapularis  sup. 

CLAVICLE. 


Pectoralis  major 

Pectoralis  minor 

Deltoid 
(  Biceps 

-J  Coraco-brachialis 
I  Brachialis  anticus 

Pronator  i-adii  teres 

Flexor  carpi  radialis 

Palmaris  longus 

Flexor  sublimis  dig. 

Flexor  profundus  (1  and  2). 

Pronator  quadratus. 

Abductor  brevis  pollicis. 

Flexor  brevis  pollicis. 

Opponens  pollicis. 
and  II.  Lumbricales. 

Triceps.    Anconeus. 

Supinator  longus 

Ext.  carpi  rad.  long,  et  brev. 

Extensor  commun. 

Extensor  prop,  indicis 

Extensor  minimi  dig. 

Extensor  long,  et  brev.  poll. 

Adductor  longus  poll. 

Extensor  carpi  ulnaris 
[  Flexor  carpi  ulnaris. 
I  Flexor  profundus  (3  and  4). 

Hypothenars. 

Interossei. 

III.  and  IV.  Lumbricales. 
\  Adductor  pollicis. 


IG.  57. — Henry  Meige's  diagram.  The  black  line  shows  probable  seat 
of  lesion.  Muscles  totally  paralysed  are  marked  0,  those  partially 
paralysed  — . 
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Case  III. — Injury  by  shrapnel  bullet :  point  of  entry,  in  the  neck 
3  cm.  below  the  tip  of  the  left  mastoid  process.  The  shell  lodged  at 
the  back  of  the  sternal  notch.  Penetrating  wound  of  chest.  The 
arm  became  stiff  at  once  and  then  dropped  down  inert.  Pain  in  the 
shoulder,  in  the  arm,  and  on  the  outer  side  of  the  forearm,  and  also 
on  the  dorsal  aspects  of  the  thumb  and  index  finger. 

Paralysis  of  the  trapezius,  stemo-cleido-mastoid,  supra-  and  infra- 
spinati,  rhomboideus,  levator  anguli  scapulae,  and  deltoid.  Paresis  of 
the  biceps,  brachialis  anticus,  supinator  longus,  pectoralis  major,  and 
of  the  diaphragm  (slight  asymmetry  of  the  two  hypochondria  in 
breathing).  Objective  sensory  disturbances  in  the  area  of  second, 
third,  and  fourth  cervical  roots  ;  hyperaesthesia  to  pricking  in  the 
fifth  and  sixth  cervical  area.  Complete  reaction  of  degeneration  of 
the  supra-  and  infraspinati.  Partial  reaction  of  degeneration  of 
the  trapezius,  stemo-mastoid,  and  deltoid.  Slight  faradic  and 
galvanic  hypoexcitability  of  the  biceps,  brachialis  anticus,  and 
supinator  longus.     (For  seat  of  lesion,  see  fig.  58.) 

Lesions  of  the  plexus  may  be  incomplete  and  vari- 
able, just  as  palsies  of  the  peripheral  nerves  are 
frequently  partial  and  dissociated.  Paralysis  which 
is  total  at  the  onset  improves  in  a  few  weeks  or 
months  ;  some  of  the  paralytic  symptoms,  particularly 
the  sensory  disturbances,  disappear  as  the  result  of 
absorption  of  extravasated  blood  or  the  products  of 
inflammation  which  in  the  early  stages  of  injury 
press  on  the  nerve-trunks. 

The  following  is  a  brief  description  of  a  case  in 
point : — 

Case  IV. — Rifle  bullet  wound  :  point  of  entry,  below  the  left 
clavicle  in  the  anterior  wall  of  the  axilla ;  point  of  exit,  four  fingers' 
breadths  from  the  dorsal  border  of  the  scapula,  about  5  cm.  from  its 
inferior  angle.     Penetrating  wound  of  chest. 

Immediate  and  total  paralysis  of  arm  ;  copious  haemorrhage  from 
wound  with  secondary  haemorrhage. 

On  examination  a  year  after  injury:  there  is  paralysis  of  the 
supinator  longus,  radial  extensors,  extensors  of  fingers  and  thumb, 
and  abductor  longus  pollicis.  Paralysis  of  the  hypothenar  muscles 
and  interossei.  Partial  paralysis  of  the  biceps,  flexor  carpi  ulnaris, 
and  thenar  muscles.  Still  slighter  paralysis  of  deltoid,  triceps, 
palmars,  flexor  carpi  ulnaris,  and  of  the  superficial  and  deep  flexors. 
Much  hypaesthesia  to  all  kinds  of  sensation  in  the  musculo-cutaneous 
region  of  the  forearm  and  of  ulnar  in  the  hand.  Slight  disturbance 
of    sensation   of    touch,    heat   and   cold    in   the   median,   internal 
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Upper  plextis  lesion. 


Nerve  to 
trapeziics. 


SEAT   OF  LESION  in 
BRACHIAL  PLEXUS. 


MUSCLES. 


Serratus  mag. 
Latissimus  dor. 
Teres  major 

iiwer  subscapular 


Int.  cutan. 

Lesser  int. 
cutaneous. 


Trapezius 


(  Levator  anguli  scapulae. 
I  Rhomboideus 

\  Supra-  and  infraspinatus 
I  Subclavius. 
V^Subscapularis  sup. 


Clavicle. 


Pectoralis  major 
Pectoralis  minor. 


Biceps  

Coraco-brachialis  

Brachialis  anticus  

Pronator  radii  teres. 
/"Flexor  carpi  radialis. 
I  Palraaris  longus. 
I  Flexor  subliniis  dig. 
I  Flexor  profundus  (2). 
J  Pronator  quadratus. 

Abductor  pollicis. 

Flexor  brevis  pollicis. 

Opponens  pollicis. 

I.  and  II.  Lumbricales. 

Triceps.    Anconeus. 

(Supinator  longus. 
Extensor  carpi  rad.  long,  et  brev. 
Extensor  communis. 
Extensor  prop,  indicis. 
Extensor  minimi  dig. 
Extensor  longus  et  brevis  pollicis. 
Adductor  longus. 
Plexor  carpi  ulnaris  (post.). 
Flexor  carpi  ulnaris  (ant.). 
(Flexor  profundus  (3  and  4). 
Hypothenar. 
Interossei. 
'l  III.  and  IV.  Lumbricales. 
I  Adductor  pollicis. 


Fig.  58.— Henry  Meige'i 
of  lesion.  Muscles 
paralysed  — . 


5  diagram.     The  black  line  shows  probable  seat 
totally  paralysed  are  marked  0,  those  partially 
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cutaneous,  and  musculo-spiral  areas.  The  electrical  changes  were  : 
faradic  and  galvanic  hypoexcitability  without  marked  slowness 
of  the  contraction.  This  lessened  irritability  was  very  marked  in 
the  deltoid,  triceps,  biceps,  and  supinator  longus  ;  less  marked  in 
the  palmars,  flexor  carpi  ulnaris,  extensor  carpi  ulnaris,  the  flexors 
of  the  fingers,  thenar  and  interosseous  muscles.  Loss  of  faradic 
excitability  and  diminution  of  galvanic  excitability  in  the  extensors 
of  fingers  and  thumb,  radial  extensors,  abductor  longus  poUicis, 
hypothenar  muscles,  and  last  three  interossei. 

V.  PARALYSIS  OF  THE  BRACfflAL  PLEXUS  FOLLOWING  DIS- 
LOCATION OF  THE  SHOULDER  OR  DRAGGING  ON  THE 
CERVICAL  ROOTS 

Some  forms  of  total  paralysis  of  the  brachial  plexus 
may  be  due  to  dislocation  of  the  shoulder  which  has 
been  reduced,  or  to  dragging  on  the  roots  which  form 
the  plexus  when  the  wounded  man  has  been  dragged 
along  by  the  arm  when)  it  was  raised  and  abducted. 
This  form  of  paralysis  comes  on  at  once  or  super- 
venes a  few  hours  after  the  accident,  and  is  preceded 
by  persistent  "  pins  and  needles  "  in  the  tips  of  the 
fingers. 

Then  suddenly  the  hand  becomes  numb  and  para- 
lysed, and  these  sensory  and  motor  changes  extend 
nearly  to  the  shoulder. 

This  type  of  case  is  known  as  total  paralysis  of  the 
plexus,  or  rather  of  all  its  terminal  branches  including 
the  circumflex,  the  other  muscles  of  the  shoulder 
supplied  by  the  collateral  branches  being  more  or 
less  unaffected  :  in  all  the  cases  observed  by  us  they 
were  not  completely  paralysed. 

Sensory  changes  are  confined  to  the  hand,  in  which 
there  is  complete  anaesthesia  to  all  forms  of  sensation, 
with  loss  of  bone  sensibility  and  the  sense  of  position  ; 
in  the  forearm  and  in  the  lower  part  of  the  arm  total 
anaesthesia  goes  higher  up  on  the  anterior  than  on 
the  posterior  aspect.  The  sensory  disturbances  be- 
come less  intense  towards  the  root  of  the  limb.  The 
elbow,  hand,  and  fingers  have  lost  all  power  of 
movement. 

Movements  are  possible  in  the  shoulder  alone,  but 
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they  are  weaker  than  normal  and  limited  in  extent ; 
for  there  is  always  some  stiffness  in  the  shoulder, 
which  may  amount  even  to  true  ankylosis. 

There  were  no  signs  of  Claude  Bernard  and  Horner's 
sympathetic  syndrome  in  our  cases. 

The  electrical  changes  consist  in  a  reaction  of 
degeneration,  which  is  more  marked  and  complete 
the  nearer  one  gets  to  the  hand,  where  faradic  and 
galvanic  loss  of  excitability  is  the  rule. 

This  paralysis  remains  stationary  some  months 
before  it  begins  to  retrocede  steadily  from  the  shoulder 
downward. 

The  first  nerves  to  recover  are  the  circumflex  and 
the  musculo-cutaneous. 

It  takes  eighteen  months  to  two  years  for  any 
perceptible  recovery  to  take  place.  The  nerves  most 
affected  are  the  ulnar  and  median.  Paralysis  for  a 
very  long  time  predominates  in  the  small  muscles  of 
the  hand,  especially  the  interossei,  the  hypothenar, 
and  some  of  the  thenar  muscles,  so  that  the  result 
at  the  end  of  eighteen  months  is  paralysis  of  the 
ulnar  nerve  only. 

As  the  affection  develops,  retraction  of  the  tendons 
of  the  flexors  begins,  causing  clawing  of  the  last  three 
or  four  fingers,  which  becomes  more  marked  towards 
the  little  finger. 

The  sensory  disturbances  disappear  in  due  course  ; 
parsesthesia  appears  with  painful  hypersesthesia,  par- 
ticularly in  the  median  area.  Hypaesthesia  in  the 
cutaneous  region  of  the  ulnar  nerve  persists  for  a 
long  time. 

Spontaneous  pain  and  pain  from  massage  or  move- 
ment of  the  limb  may  be  fairly  acute  in  the  palm 
of  the  hand  and  along  the  course  of  the  nerve- 
trunks. 

Electrical  recovery  is  rapid  in  muscles  which  have 
begun  to  regain  their  functions.  The  muscular  atrophy 
gradually  disappears. 


I 
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Table  I. — Showing  Distribution  of  the  Motor  Nerves  of 
the  Cervical  and  Brachial  Plexuses  ^ 

Nerves. 


Roots. 


Ci 


C2 


C 


Nerves  to 
Anastomosis  with  hypo 


'Nerves  to 
Anastomosis  with  hypo 


Nerves  to 


Descendens  hypoglossi 
Phrenic 


Nerves  to 


Phrenic 


Nerves  to 


Suprascapular 
Circumflex  . 
Musculo-cutaneous 

(Accessorily. ) 
Musculo-spiral 
Phrenic 

Nerves  to 

^  Poirier  et  Charpy, 


r  Rectus  capitis  anticus  major. 
-|  Rectus  capitis  anticus  minor. 

I  Rectus  lateralis. 

/  Genio-hyoid  and  muscles  of  the 

\     sub-hyoid  region. 

r  Rectus  capitis  anticus  major. 
-|  Longus  colli. 

I  Stemo-mastoid. 

r  Genio-hyoid  and  muscles  of  the 

1     sub-hyoid  region. 

f  Rectus  capitis  anticus  major. 
Longus  colli. 
Scalenus  medius. 
Trapezius. 
Levator    anguli    scapulae    and 

rhomboideus. 
(Stemo-mastoid). 
Muscles  of  the  sub-hyoid  region. 
Diaphragm. 

Longus  colli. 

Trapezius. 

Levator    anguli    scapulae    and 

rhomboideus. 
Scalenus  medius. 
(Scalenus  anticus.) 
Diaphragm. 

Longus  colli. 

Scaleni. 

Levator  anguli  and  rhomboid. 

Serratus  magnus. 

Subclavius. 

Subscapularis. 

Supra-  and  infraspinatus. 

Deltoid,  teres  minor. 

brachialis  anticus. 


Triceps  (?),  extensors. 

Diaphragm. 
/  Pectoralis  major. 
\  Teres  major, 
tome  iii.  fascicule  3. 
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Roots. 


C«     < 


c    <; 


c«    J 


Nerves. 

(  Nerves  to 

Circumflex    . 
Musculo-cutaneous 

Median 
Musculo-spiral 

'Nerves  to 

Thoracic  nerves 
Musculo-cutaneous 

Median 

Musculo-spiral 

Ulnar 
Nerves  to 

Nerves  to 
Thoracic  nerves 

Median 

Musculo-spiral 

Ulnar    , 


Muscles. 
Longus  colli. 
Scaleni. 
Subscapularis, 
Teres  major. 
Pectoralis  major. 
Deltoid. 

Biceps,  brachialis  anticus. 
Pronator  radii  teres. 
Flexor  carpi  radialis. 
Thenar  muscles. 
Triceps. 

Supinator  longus  et  brevis. 
Scalenus  medius. 
Latissimus  dorsi. 
Subscapularis. 
Pectoralis  major  et  minor. 
Coraco-brachialis. 
Flexor  sublimis  digitorum. 
Flexor  profundus  digitorum. 
Flexor  longus  poUicis. 
Pronator  quadratus. 
Thenar  muscles. 
Triceps. 
Anconeus. 

Extensor  carpi  ulnaris. 
Extensor  commmiis  digitorum. 
.Flexor  carpi  ulnaris. 
(Flexor  profundus.) 
III.  and  IV.  Lumbricales. 
Serratus  magnus. 
Teres  major. 
Longus  colli. 
Latissimus  dorsi. 
Pectoralis  major. 
Pectoralis  minor. 
Flexor  sublimis  digitorum. 
Flexor  profundus  digitorum. 
I.  and  II.  Lumbricales. 
Triceps. 
Anconeus. 

Flexor  carpi  ulnaris. 
Flexor  profundus  III.  and  IV. 
Hypothenar  muscles. 
Adductor  pollicis. 
Interossei. 
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Roots. 


D» 


Nerves. 
Thoracic  nerves 

Median 

Ulnar    . 

First  intercostal 


■{ 


Muscles. 

Pectoralis  minor. 

Flexor  sublimis  digitorum. 

Flexor  profundus  digitorum. 

Pronator  quadratus. 
f  Flexor  carpi  ulnaris. 
[  III.  and  IV.  Lumbricales. 

{Intercostals. 
Levatores  costarum. 
Serratus  posticus  superior. 


Spinal  Cord  Symptoms  associated  with 
Lesions  op  the  Brachial  Plexus 

We  have  already  stated  that  lesions  of  the  brachial 
plexus  are  often  accompanied  at  their  onset  by 
paralysis  of  the  whole  arm,  in  which  the  motor  and 
sensory  symptoms  soon  subside  ;  but  grave  lesions, 
or  cases  in  which  the  nerve  has  been  divided,  show 
no  signs  of  recovery. 

We  desire  now  to  direct  attention  to  plexus  lesions 
(cervical  roots,  primary  and  secondary  trunks)  com- 
plicated by  lesions  of  the  spinal  cord,  which  are 
sometimes  difficult  to  detect.^  These  plexus  or  root 
lesions  accompanied  by  spinal  injury  may  run  their 
course  in  two  different  ways  :— 

A.  EARLY  AND  GENERALISED  FORM 

'  In  this  type  there  is  almost  always  injury  by  a 
projectile  which  has  passed  right  through  the  neck, 
either  from  left  to  right  or  from  right  to  left.  The 
symptoms  which  appear  at  once  are,  that  the  patient 
falls  forward  without  losing  consciousness,  and  all  the 
four  limbs  are  paralysed.  Sometimes  the  sphincters 
of  the  bladder  and  rectum  are  paralysed,  causing 
incontinence  of  urine  and  faeces. 

A  few  hours  or  a  few  days  after  injury  pain  comes 
on  in  all  the  four  limbs,  principally  at  the  roots  of 

1  M.  Pierre  Marie  and  Mme.  Ath.-Benisty,  "Remarques  cliniques  sur 
quelques  cas  de  lesions  de  la  moelle  cervicale  par  plaies  de  guerre,"  Soc. 
Medicale  des  Hopitaux,  June  11, 1915,  et  Soc.  de  Neurologie,  December  2, 
1915. 
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the  nerve,  more  especially  in  the  arm.  This  pain  is 
sometimes  unbearable,  and  the  prolonged  use  of 
opiates  becomes  necessary. 

Paralysis   soon   develops.     A   few   days   or   weeks 


Fig.  59. — Dorsal  aspect.  Fig.  60. — Ventral  aspect. 

Figs.  59  and  60. — Root  innervation  of  trunk  and  extremities. 


fter  the  accident,  according  to  the  gravity  of  the 
injury,  the  lesion  subsides  in  one  entire  half  of  the 
body.  From  quadriplegia  it  develops  into  hemi- 
plegia ;  then  the  leg  on  the  affected  side  recovers 
its  movements,  until  brachial  monoplegia  alone  re- 
mains, which  is  often  very  severe,  and  persists  for  a 
Iong  time,  in  serious  cases  improving  only  slowly, 
1 
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but  disappearing  in  a  few  months  in  slight  cases. 
Pain  follows  the  course  of  the  motor  symptoms,  and 
some  months  after  the  injury  it  is  only  complained 
of  in  the  affected  arm. 

The  sphincter  troubles  vary  ;  they  may  improve 
gradually  from  the  first,  or  persist  for  weeks  or 
months,  and  in  that  event  deep  bedsores  may  form. 

Though  the  patient's  condition  steadily  improves, 
some  months  or  even  a  year  after  injury  very 
definite  signs  of  affection  of  the  spinal  cord  are  still 
present. 

In  the  early  stages  these  consist  of  an  obvious 
exaggeration  of  the  tendon  reflexes,  which  are  more 
brisk  on  one  side,  together  with  unilateral  or  bilateral 
Babinski's  sign,  ankle  clonus,  disturbances  in  co- 
ordinated action,  synkinesis,  and  especially  Brown- 
Sequard's  syndrome,  which,  though  not  very  marked, 
is  always  present,  and  is  frequently  accompanied  by 
a  definite  syringomyelic  dissociation  on  the  side 
which  is  least  paralysed. 

Sensibility  to  cold  is  generally  most  affected.  Sensi- 
bility to  heat  is  accompanied  by  painful  hyper- 
sesthesia;  the  sense  of  position  and  bone  sensibility 
are  sometimes  definitely  diminished  on  the  para- 
lysed side. 

As  regards  brachial  monoplegia,  the  loss  of  power 
is  most  marked  in  the  hand  and  fingers,  though  it 
affects  the  different  muscles  to  a  varying  degree, 
and  is  accompanied  by  electrical  changes  greater  in 
quantity  than  quality. 

In  some  cases  the  seat  of  the  lesion  is  the  pyramidal 
tract,  as  shown  by  contracture  and  exaggeration  of 
reflexes  ;  sometimes  it  is  in  the  nerve-roots,  as  evi- 
denced by  flaccidity,  loss  of  reflexes,  and  a  tendency 
to  reaction  of  degeneration.  But  most  commonly  it  is 
a  combined  lesion  of  the  pyramidal  tract,  marked 
by  exaggeration  of  reflexes,  combined  with  affection 
of  the  nerve-roots,  shown  by  bands  of  anaesthesia  or 
hypsesthesia,  flaccid  paralysis  in  some  muscles  supplied 
by  the  same  root,  spontaneous  pain  in  the  zones  of 
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one  or  several  roots,  and  pain  on  pressure  on  the 
nerve-trunks. 

A  final  detail  should  be  added  to  this  clinical 
picture,  viz.  the  frequent  presence  of  Claude  Bernard 
and  Horner's  sympathetic  syndrome  (enophthalmos, 
narrowing  of  the  palpebral  fissure,  and  myosis),  most 
commonly  on  the  paralysed  side,  and  very  frequently 
intermittent  and  disappearing  entirely  on  some  days 
without  any  particular  reason.  Perspiration  is  some- 
times diminished  on  the  face  on  the  side  where  the 
ocular  phenomena  occur. 

This  sympathetic  syndrome  is  due  either  to  an  actual 
lesion  of  the  cervical  cord  of  the  sympathetic,  or  to 
pressure,  or  to  a  lesion  of  some  kind,  of  the  upper 
dorsal  cord  or  of  the  first  dorsal  nerve-root.^ 

Skiagrams  do  not  usually  show  any  disease  of 
bone. 

Considering  the  rapid  retrocession  of  the  spinal 
symptoms,  this  early  type  would  appear  to  be  due 
to  a  kind  of  commotion  of  the  spinal  cord,  combined 
with  more  or  less  severe  lesions  of  some  of  the  cervical 
nerve-roots. 

B.  PARTIAL  AND  PROGRESSIVE  FORM 

In  this  type  of  case  the  clinical  appearances  are 
not  so  simple  ;  the  spinal  affection  is  not  so  easy  to 
demonstrate,  and  its  pathogeny  is  obscure. 

The  wound  is  lateral,  the  projectile  having  passed 
from  front  to  back  or  from  back  to  front,  to  the  left 
or  the  right  of  the  median  axis  of  the  neck.  Con- 
sciousness is  almost  always  lost  at  once,  and  not 
l^j-egained  for  some  considerable  time  ;  this  condition 
is  accompanied  sometimes  by  temporary  aphonia  and 
"deafness,  but  without  any  sphincter  trouble.  As  soon 
as  the  patient  recovers  consciousness  he  finds  that 
his  limbs  are  not  paralysed  at  all,  with  the  exception 

^  Faure-Beaulieu  has  related  a  case  of  Brown-Sequard's  syndrome 
due  to  a  Wound  of  the  cervical  cord,  with  an  alternating  inequality  of 
the  pupils,  or  "  see-saw  myosis."  Soc.  de  Neur.,  May  4,  1916.  Rev. 
Neurol,  June  191G,  p.  948. 
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of  the  arm  on  the  side  of  the  wound,  which  is  always 
absolutely  powerless  and  insensitive.  The  clinical 
picture  is  that  of  a  complete  lesion  of  the  brachial 
plexus,  with  total  paralysis,  anaesthesia  reaching  to 
the  shoulder,  and  loss  of  reflexes. 

But  this  clinical  appearance  soon  changes,  for  pain 
appears,  which  at  the  onset  is  generalised  in  the  whole 
arm,  or  localised  from  the  first  to  the  course  of  some 

of  the  roots.  Simulta- 
neously the  paralysis  be- 
gins to  retrocede,  and 
sometimes  so  rapidly  that 
movements  are  recovered 
in  a  few  weeks,  reflexes 
reappear  and  then  be- 
come exaggerated  ;  para- 
lysis, which  was  slight 
at  first,  develops  into  a 
deformity,  which  becomes 
worse,  until  the  limb  has 
all  the  appearance  of  the 
common  type  of  hemi- 
plegic  arm. 

But  more  often  re- 
covery of  movement  is 
slow,  the  paralysis  re- 
maining flaccid  for  a  long 
time. 

The  first  movements  which  return  are  those  of  the 
fingers  (slight  flexion),  and  then  slight  movements 
appear  in  the  wrist,  elbow,  and  shoulder. 

Anaesthesia,  which  was  total  at  first,  is  confined  to 
the  zone  of  one  or  more  nerve-roots.  The  electrical 
reactions  are  definitely  affected,  reaction  of  degenera- 
tion being  found  in  some  of  the  muscles  supplied  by 
one  or  two  anterior  roots. 

But  spastic  symptoms  appear  simultaneously.  The 
triceps  reflex  is  lost,  and  there  is  paralysis  of  the  triceps 
and  palmar  muscles  (C),  whilst  the  stylo-radial  wrist 
reflex  is  brisk.     Pain  generally  referred  to  the  area  of 


Fig.  61. — Sensory  radicular  distri- 
bution of  head  and  neck. 
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impaired  sensation,  or  to  the  zone  of  the  nerve-roots 
immediately  above  or  below.  Pressure  on  the  nerve- 
trunks  is  painful. 

Paralysis  of  the  upper  extremity  goes  on  developing 
in  this  way,  until  one  day  the  patient  complains  of 
the  leg  on  the  affected  side. 

He  feels  a  weakness  in  the  lower  limb  ;  his  foot 
drops,  and  sweeps  the  ground  as  he  walks  ;  he  develops 
a  steppage  gait,  or  circumducts  his  leg  like  the  sub- 
ject of  hemiplegia ;  or  again  the  movements  of  his  leg 
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Fig.  62. — Sensory  peripheral  distribution  of  head  and  neck. 

are  inco-ordinate,  like  a  person  with  ataxia.  Exami- 
nation brings  out  definite  but  very  variable  symptoms 
of  spinal  injury  ;  sometimes  Babinski's  sign  is  present ; 
at  others,  there  is  ankle  or  patellar  clonus. 

The  tendon  reflexes  are,  however,  always  brisker 
than  those  on  the  opposite  side ;  the  cremasteric  and 
the  abdominal  are,  on  the  other  hand,  weaker  or  lost. 
The  strength  of  the  muscles  is  sometimes  unaffected; 
at  others,  paralysis  attacks  a  group  of  muscles  (ex- 
tensors of  the  foot  or  the  peronei).  Sensory  disorders, 
when  present,  are  hyperaesthesia  to  pricking  on  the 
thigh,  and  sometimes  diminution  of  bone  sensibility 
and  sense  of  position.  Pressure  on  the  muscles  of  the 
leg  is  often  painful. 
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On  the  opposite  side  to  the  lesion  more  definite  sen- 
sory changes,  are  found,  corresponding  to  Brown- 
Sequard  syndrome,  very  commonly  accompanied  by  a 
syringomyelic  dissociation — i.e.  hypsesthesia  to  prick- 
ing, anaesthesia  to  cold,  and  hypsesthesia,  or,  on  the 
contrary,  painful  hyperaesthesia  to  heat. 

The  sensory  disturbance  generally  extends  to  the 
nipple  line,  and  in  the  arm  occupies  root  areas — most 
commonly  the  area  of  the  eighth  cervical  and  first 
dorsal.  At  the  limit  of  the  zone  of  hypsesthesia  to 
pricking  there  is  frequently  a  band  of  hyperaesthesia 
in  which  pain  is  felt  spontaneously,  or  on  pricking. 

As  this  paretic  or  spastic  condition  develops  and 
becomes  established  in  the  leg  on  the  injured  side, 
the  patient  will  suddenly  one  day  complain  of  weakness 
of  his  arm  on  the  opposite  side  to  the  injury.  This 
weakness  is  usually  limited  to  movements  of  clasping, 
or  pressure  of  the  hand  and  flexion  of  the  elbow  ;  at 
other  times  it  is  most  marked  in  the  same  muscles  as 
are  most  severely  attacked  in  the  wounded  arm.  Thus 
in  a  case  in  which  the  triceps  and  the  flexor  carpi 
radialis  were  the  most  affected  in  the  paralysed  arm, 
the  patient's  sound  arm  showed  weakness  in  extension 
of  the  elbow  and  flexion  of  the  hand. 

Simultaneously  with  this  paresis  the  reflexes  are 
exaggerated,  and  there  is  slight  inco -ordination,  but — 
what  is  more  significant — ^there  is  loss  of  the  stereognostic 
sense,  which  is  either  complete,  or  less  commonly 
limited  to  the  outer  or  inner  side  of  the  hand. 

What  becomes  of  these  symptoms  which  have  been 
superadded  to  the  initial  brachial  monoplegia,  and 
where  does  this  progressive  involvement  of  the  cord 
stop  ? 

On  the  sound  side  the  symptoms  of  paresis  diminish 
and  then  disappear,  as  also  do  some  of  the  spasmodic 
symptoms  (ankle  and  patellar  clonus),  and  Babinski's 
sign,  but  the  tendon  reflexes  still  remain  brisk.  In 
the  sound  hand  weakness  diminishes,  the  stereognostic 
sense  becomes  normal  again,  and  the  pain  and  "  pins 
and  needles  "  disappear. 
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On  the  ajfected  side  paralysis  of  the  arm  gradually 
improves,  but  symptoms  of  spinal  and  nerve-root 
mischief  still  persist. 

The  most  common  phenomena  during  this  retro- 
gressive stage  are  muscular  contractures  localised  in 
a  single  muscle,  or,  less  frequently,  affecting  a  whole 
group  ;  there  may  be  contracture  of  the  trapezius  on 
the  wounded  side,  with  hardening  of  the  muscle  and 
increased  contraction  on  mechanical  percussion  and 
to  electric  currents  ;  contracture  of  the  pectoralis 
major  on  the  sound  side  or  on  the  injured  side,  with 
the  same  physical  signs  ;  and  contracture  of  the  scaleni. 
With  these  various  phenomena  there  is  aching  in  the 
contractured  muscle,  which  causes  great  discomfort 
and  inconvenience  to  the  patient. 

Inclination  of  the  head  towards  the  affected  side,  or, 
less  commonly,  towards  the  sound  side,  with  displace- 
ment and  rotation  of  the  neck,  is  probably  attribut- 
able to  muscular  contractures  of  this  kind  in  the 
muscles  of  the  back  of  the  neck,  trapezius,  scaleni,. 
and  muscles  of  the  upper  segment.  This  inclination 
of  the  head  remains  permanent. 

Spasmodic  and  involuntary  movements  may  appear 
in  the  fingers  or  in  the  elbow  of  the  affected  side — such 
as  flexion  of  the  fingers,  abduction,  opposition  of  the 
thumb,  sudden  flexion  of  the  forearm  on  the  arm, 
pronation,  and  supination.  Sometimes  fibrillary  con- 
tractions are  seen  in  some  of  the  affected  muscles. 

In  this  second  type  of  spinal  lesion  the  syndrome 
of  Claude  Bernard  and  Horner  is  less  common. 

Disturbances  in  perspiration  are  common  ;  there 
may  be  copious  sweating  on  the  sound  hand,  or  in 
the  axilla  on  the  affected  side,  while  the  skin  of  the 
affected  hand  will  be  very  dry. 

Symptoms  of  paresis  in  the  lower  extremity  on  the 
wounded  side  and  in  the  arm  on  the  opposite  side  may 
reappear.  We  have  come  across  a  case  in  which,  even 
after  the  lapse  of  six  months,  paresis  reappeared  in 
the  left  leg  (the  affected  side),  with  greatly  exaggerated 
tendon  reflexes,   ankle   clonus,   and   paralysis   of   the 
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peronei  ;  whilst  in  the  first  attack  there  had  been 
paralysis  of  the  extensors  of  the  foot  and  toes,  with 
patellar  clonus.  A  lumbar  puncture  performed  at 
this  time  showed  hypertension  of  the  cerebro -spinal 
fluid,  with  slight  increase  in  albumen,  but  without 
any  cellular  change. 

Sensory  symptoms  on  the  opposite  side  to  the  injury 
disappear  slowly,  and  the  total  hypsesthesia  noted  at 
first  is  followed  by  painful  hypersesthesia  to  cold  or 
to  heat,  as  the  case  may  be,  with  diminished  or  altered 
perception  of  temperature. 

In  these  two  types  of  affection  of  the  spinal  cord 
associated  with  lesions  of  the  nerve-roots  of  the  brachial 
plexus  there  is  some  rigidity  of  the  neck,  with  nuchal 
pain,  especially  when  the  patient  changes  his  position 
in  lying  down  or  getting  up.  As  skiagrams  do  not 
generally  show  any  disease  of  bone,  this  rigidity  may 
be  attributable  to  lesion  of  the  ligaments,  and  particu- 
larly to  painful  contracture  of  some  of  the  muscles  of 
the  neck. 

Most  of  the  patients  also  complain  that  when  they 
bend  their  neck  they  feel  creeping  sensations  which 
are  sometimes  painful  all  over  both  arms,  or  localised 
in  the  epigastrium,  or  with  a  girdle  distribution. 
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CHAPTER  IX 

GREAT  SCIATIC,  INTERNAL  AND  EXTERNAL 
POPLITEAL  NERVES 

Though  lesions  of  the  anterior  crural  nerve  and  of 
its  terminal  branches  are  very  rare,  injuries  of  the 
great  sciatic  and  its  external  branch,  the  external 
popliteal,  are  nearly  as  common  as  lesions  of  the 
musculo-spiral  nerve. 

It  is  very  seldom  that  a  wound  of  any  depth  of  the 
posterior  segment  of  the  thigh  leaves  this  nerve  un- 
affected. 

We  shaU  first  describe  lesions  involving  the  nerve- 
trunk  of  the  great  sciatic  from  where  it  emerges,  in 
the  true  pelvis,  to  its  bifurcation  in  the  popliteal 
space. 

But  before  doing  this  it  will  be  necessary  to  give 
a  short  description  of  the  anatomy  of  this  nerve  and 
of  its  terminal  branches. 

ANATOMY 

The  grmt  sciatic  nerve  passes  out  of  the  pelvis  and  appears  in  the 
middle  of  the  gluteal  region,  almost  on  the  level  of  a  horizontal  line 
passing  along  the  upper  border  of  the  great  trochanter.  At  its 
origin  it  is  covered  by  the  lower  half  of  the  gluteus  maximus,  whence 
it  descends  to  the  thigh  through  the  muscles  on  the  posterior  aspect 
of  the  limb,  and  covered  by  the  long  head  of  the  biceps.  It  passes 
between  the  long  head  of  the  biceps  externally,  the  semimembranosus 
and  the  semitendinosus  internally,  and  comes  out  into  the  popliteal 
space.  In  its  passage  through  the  thigh  the  great  sciatic  nerve  has 
a  nutrient  artery  on  one  side  of  it — the  artery  of  the  great  sciatic, 
which  is  a  branch  of  the  sciatic  artery, 
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At  the  level  of  the  gluteal  fold  the  nerve  gives  branches  to  the 
posterior  muscles  of  the  thigh — viz.  the  biceps,  semimembranosus, 
semitendiTiosus,  and  adductor  magnus. 
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Fig.  63. 


-Sciatic  nerve  and  its  collateral  branches  in  the  buttock 
and  thigh.     (After  Sappey.) 


On  reaching  the  popliteal  space  it  divides  into  two  terminal 
branches,  the  external  and  internal  popliteal.  Sometimes,  how- 
ever, the  nerve  divides  much  higher  up  in  the  gluteal  region.     As  a 
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rule,  a  glance  at  the  nerve  will  show  it  to  be  formed  of  two  trunks  in 
close  juxtaposition,  but  separated  by  a  longitudinal  groove. 
The  external  popliteal  nerve,  the  outer  branch  of  the'bifurcation  of 
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Fig.  65. — Internal  popliteal  and 
posterior  tibial  nerves. 


the  great  sciatic,  arises  from  the  upper  angle  of  the  popliteal  space. 
It  passes  along  the  tendon  of  the  biceps  and  behind  the' head  of  the 
fibula,  winding  round  the  neck  of  this  bone,  which  is  the  spot  chosen 
for  palpation  of  this  nerve,  and  then  ends  by  dividing  within  the 
upper  insertions  of  the  peroneus  longus  (fig.  64). 


I 
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Its  collateral  branches  are  an  articular  branch  for  the  knee,  the 
accessory  nerve  of  the  saphenous  or  communicans  peronei,  the 
external  cutaneous  peroneal  nerve,  and  some  very  slender  muscular 
branches  for  all  the  upper  part  of  the  tibialis  anticus ;  these  last 
branches  are  given  off  very  low  down  at  the  neck  of  the  fibula,  and 
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Fig.  66. — Plantar  nerves,  superficial  region.     (After  Sappey.) 


pass  beneath  the  extensor  longus  digitorum  to  reach  the  muscle 
which  they  are  intended  to  supply. 

The  terminal  branches  of  the  external  popliteal  are  the  musculo- 
cutaneous and  anterior  tibial. 

The  musculo-cutaneous  nerve  passes  along  the  outer  side  of  the 
fibula.  At  first  it  lies  in  the  substance  of  the  peroneus  longus,  then 
in  the  space  which  separates  this  muscle  from  the  peroneus  brevis  ; 
then  it  passes  through  the  aponeurosis,  becoming  subcutaneous  at 
three  or  four  fingers'  breadths  above  the  tip  of  the  external  malleolus, 
and  supplies  the  skin  of  the  dorsal  aspect  of  the  foot. 

In  its  course  the  musculo-cutaneous  nerve  supplies  muscular 
branches  to  the  peroneus  longus  and  the  peroneus  brevis. 

The  anterior  tibial  nerve  is  the  inner  branch  of  the  bifurcation  of 
the  external  popliteal.     Like  the  musculo-cutaneous  nerve  it  rises 
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at  the  neck  of  the  fibula,  then  turning  inwards  passes  through  the 
upper  insertions  of  the  peroneus  longus  and  extensor  longus  and 
reaches  the  outer  side  of  the  anterior  tibial  artery;  it  then  runs 
vertically  and  deeply  on  the  interosseous  membrane  between  the 
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Fig.  67. — Plantar  nerves,  deep  region.     (After  Sappey.) 


tibialis  anticus  internally,  and  the  extensor  longus  digitorum  and 
then  the  extensor  proprius  hallucis  externally. 

Still  accompanied  by  the  anterior  tibial  artery  at  the  ankle  it 
passes  under  the  anterior  ligament  of  the  tarsus,  and  terminates  by 
bifurcating  immediately  below  it. 

In  its  course  it  supplies  muscular  branches  to  the  tibialis  anticus, 
extensor  longus,  extensor  proprius,  and  peroneus  tertiu^. 

It  ends  in  two  branches,  an  external,  which  passes  between  the 
bones  of  the  tarsus  and  the  extensor  brevis  digitorum,  which  it  sup- 
plies, and  an  internal,  which  descends  vertically  into  the  first  dorsal 
interosseous  space  and  supplies  its  cutaneous  integument. 

The  internal  popliteal  nerve,  the  inner  and  larger  of  the  two 
terminal  branches  of  the  great  sciatic,  descends  through  the  middle 
of  the  popliteal  space,  then  beneath  the  gastrocnemius  and  the  arch 
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of  the  soleus  to  become  the  posterior  tibial.  In  its  course  it  runs 
close  to  the  popliteal  vessels  and  becomes  relatively  superficial,  being 
covered  only  by  aponeurosis,  subcutaneous  cellular  tissue,  and  the 
outer  skin  (fig.  65). 

Its  muscular  branches  supply  the  two  heads  of  the  gastrocnemiiis, 
the  popliteus,  plantaris,  and  soleus ;  its  articular  branches  supply 
the  knee,  and  finally,  .an  important  sensory  nerve — the  external 
saphenoiis  or  communicans  tibialis,  which  unites  with  the  com- 
municans  peronei. 

The  external  saphenous  arises  from  the  middle  of  the  popliteal 
space  and  passes  downward  between  the  heads  of  the  gastrocnemius 
to  the  outer  margin  of  the  tendo  Achillis.  At  the  lower  third  of  the 
leg  it  supplies  branches  to  the  skin  of  the  outer  part  of  the  leg,  and 
ends  on  the  outer  side  of  the  back  of  the  foot. 

The  terminal  branch  of  the  internal  popliteal — the  posterior  tibial 
nerve — commences  at  the  arch  of  the  soleus,  and  ends  at  the  posterior 
aspect  of  the  internal  malleolus,  where  it  divides  into  the  external 
and  internal  plantar  nerves. 

In  its  upper  two-thirds  it  runs  very  deeply  in  the  posterior  aspect 
of  the  leg,  covered  by  the  gastrocnemius  and  soleus  in  company  with 
the  posterior  tibial  artery.  In  its  lower  third  it  becomes  more 
superficial,  and  is  parallel  with  the  inner  margin  of  the  tendo  Achillis. 

It  supplies  the  popliteus,  tibialis  posticus,  flexor  longus  digitorum, 
flexor  longus  hallucis,  and  a  nerve  to  the  deep  surface  of  the  soleus. 
Its  sensory  branches  are  the  calcaneo-plantar  and  the  internal  plantar 
nerve. 

The  internal  plantar  (the  homologue  of  the  median  nerve  in  the 
hand)  supplies  muscular  branches  to  the  adductor  hallucis,  flexor 
brevis  hallucis,  flexor  brevis  digitorum,  flexor  accessorius,  and  flrst  two 
lumbricales. 

Its  sensory  branches  are  the  first  seven  collateral  plantar  branches. 

The  external  plantar  nerve,  the  smaller  of  the  two  (the  homologue 
of  the  ulnar  nerve  in  the  hand),  supplies  all  the  interossei,  the  muscles 
of  the  little  toe,  the  third  and  fourth  lumbricales,  the  abductor  obliquus 
and  transversus ;  it  also  supplies  the  last  three  collateral  plantar 
branches.  As  in  the  case  of  the  ulnar  in  the  hand,  it  has  a  cutaneous 
branch,  which  is  purely  sensory,  and  a  deep  muscular  branch. 

PHYSIOLOGY 

The  Muscles  supplied  by  the  Great  Sciatic. — The  biceps,  semi- 

tendinosus,  and  semimembranosus  are  all  flexors  of  the  leg  on  the 
thigh. 

According  to  Duchenne  (of  Boulogne),  these  muscles  also  extend 
the  thigh  on  the  pelvis  in  walking,  and  rotate  the  leg  on  the  thigh, 
the  semitendinosus  rotating  it  inwards  and  the  biceps  outwards. 
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Muscles  supplied  by  the  External  Popliteal. — The  tibialis  anticus 
causes  very  powerful  flexion  of  the  dorsum  of  the  foot.     Its  thick 


tendon  stands  out  prominently  on  the  anterior  aspect  of  the  ankle 
when  the  foot  is  lifted  and  carried  inwards,  so  that  this  muscle  also 
adducts  and  rotates  the  foot. 

The  extensor  longus  digitorum  extends  the  first  phalanges  of  the 
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four  outer  toes.     It  assists  in  dorsal  flexion  of  the  foot,  which  it  also 
abducts  slightly. 


__ ,  -  Ilio-inguinal. 


External  cutaneous.  _ . 


Obturator. 


Anterior  crural 
'  (musculo-cutaneou3^ 


External  popliteal. 


.  -  Internal  saphenous. 


■  Anterior  tibial. 


External  saphenous.      ^-  " 

Fig.  69. — Peripheral  sensory  distribution  of  the  lower  extremity 
(anterior  aspect). 

The  extensor  jproprius  hallucis  forcibly  extends  the  first  phalanx 
of  the  great  toe,  and  the  second  very  slightly. 

The  peroneus  tertius  is  an  inconstant  muscle,  and  is  only  a  part  of 
the  extensor  longus. 

The  peroneus  longus  has  the  following  action  : — 

1.  It  produces  plantar  flexion  of  the  foot,  but  not  so  effectively 
as  the  gastrocnemius  and  soleus. 
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2.  It  lowers  the  inner  side  of  the  ball  of  the  foot,  making  the 
plantar  arch. 

3.  It  gives  the  foot  a  movement  of  abduction  and  rotation,  turning 
the  foot  outwards  as  its  outer  border  rises. 


Obturator. 


Anterior  crural.  '' 


— 7^r-- 


External  cutaneous. 


"-Small  sciatic. 


Interior  saphenous.  ,  ^ 


'  ~  -  External  popliteal. 


Internal  popliteal. 

Fig.  70.— Peripheral  sensorj^  distribution  of  the  lower  extremity 
(posterior  aspect). 


The  peroneus  brevis  abducts  and  everts  the  foot. 
Finally,  the  extensor  brevis  digitorum  assists  the  extensor  longus, 
id  extends  the  first  phalanges  of  the  first  four  toes. 

Muscles  supplied  by  the  Internal  Popliteal  Nerve.— The  ^02>iifews 

mscle  flexes  the  leg  on  the  thigh. 

The  plantaris  is  very  inconstant,  and  has  no  special  action. 

The  gastrocnemius  and  the  soleus  unite  to  form  a  single  muscle, 
le  triceps  of  the  leg,  which  ends  in  the  powerful  tendo  Achillis.     It 
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lowers  the  foot  and  enables  it  to  prolong  the  leg,  or  rather  to  flex  the 
sole  of  the  foot  in  adduction,  for  it  acts  forcibly  on  the  heel  and  on 
the  outer  half  of  the  foot. 

The  peroneus  longus  being  a  flexor  and  abductor  neutralises  the 


Ilio-inguinal. 


External  cutaneon?, 


Anterior  crural. 


Small  sciatic.'-' 


External  popliteal. 


External  saphenous 
branch  of  internal  popliteal. 

Fig.  71. — Peripheral  sensory  distribution  of  the  lower  limb 
(external  aspect). 


effect  of  the  action  of  the  triceps.     Both  contribute  to  direct  plantar 
flexion  of  the  foot. 

Muscles  supplied  by  the  Posterior  Tibial  Nerve.— The  tibialis 
posticus  turns  the  foot  directly  inwards,  being  purely  an  adductor. 
As  it  contracts,  its  tendon  can  be  seen  standing  out  just  behind  the 
internal  malleolus. 
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The  flexor  longus  digitorum  flexes  the  last  two  phalanges  of  the 
four  outer  toes. 

The  flexor  longus  hallucis  flexes  the  second  phalanx  of  the  big  toe. 
Muscles  supplied  by  the  Plantar  Nerves.— We  shall  divide  the 


Ilio-inguinal. 


Anterior  crural 


Internal 


External  popliteal 
(musculo-cutaneous) 


Small  sciatic. 
•  Obturator. 


External  popliteal 
(cutaneous  peroneal). 


■  Internal  popliteal. 


Fig.  72. — Peripheral  sensory  distribution  of  the  lower  limb 
(internal  aspect). 

muscles  of  the  plantar  region  into  three  groups,  those  of  the  internal, 
external,  and  middle  plantar  regions. 

The  internal  region  corresponds  to  the  thenar  eminence  in  the 
hand.  From  tlie  superficial  to  the  deep  layers  there  are  three 
muscles : — 

The  adductor  obliquus  hallucis,  which  separates  the  big  toe  from 
the  second. 

The  flexor  brevis  hallucis,  which  flexes  the  first  phalanx  on  the 
corresponding  metatarsal  bone. 

The  abductor  hallucis,  which  is  inserted  at  the  outer  side  of  the  base 
of  the  first  phalanx  of  the  big  toe. 
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The  abductor  hallucis  undoubtedly  corresponds  to  the  adductor 
poUicis  in  the  hand.  It  flexes  the  big  toe  on  the  metatarsus  and 
turns  it  outwards,  bringing  it  near  to  the  second  toe. 

The  external  plantar  region,  which  corresponds  to  the  hypothenar 
eminence  in  the  hand,  contains  three  muscles — abductor  minimi 
digiti,  flexor  brevis  minimi  digiti,  and  opponens  minimi  digiti ;  all 
three  flex  the  little  toe  on  its  metatarsal  bone. 

The  middle  plantar  region  from  the  superficial  to  the  deep  layers 
contains : — 

The  flexor  brevis  digitorum,  which  corresponds  to  the  flexor  sub- 
limis  digitorum  in  the  hand  ;  it  flexes  the  second  phalanx  of  the 
outer  four  toes. 

The  flexor  accessorius  assists  the  flexor  longus  digitorum. 

The  lumhricales  are  similar  to  the  lumbricales  in  the  hand. 

The  interossei  have  three  plantar  and  four  dorsal  branches. 

The  lumbricales  and  the  interossei,  as  in  the  hand,  are  the  flexors 
of  the  first  phalanx  of  the  toes  and  the  extensors  of  the  last  two 
phalanges.  The  interossei  also  undertake  lateral  movements  of  the 
toes,  the  plantar  adduct  the  outer  three  toes,  and  the  dorsal  are 
abductors. 

Briefly,  the  muscles  in  the  sole  of  the  foot  (excepting  the  long  and 
short  flexors  of  the  toes)  simultaneously  produce  flexion  of  the  first 
with  extension  of  the  second  and  terminal  phalanges,  without  which 
action  walking  would  be  impossible.     . 


Clinical  Forms 

The  lesions  of  the  great  sciatic  nerve  are  total  or 
partial. 

Partial  lesions  often  assume  painful  forms,  which  we 
shall  study  in  a  special  chapter,  as  we  did  with  regard 
to  the  painful  forms  of  the  median  nerve  injuries. 

A.  TOTAL  PARALYSIS 

When  the  projectile  has  completely  divided  or 
caused  a  grave  lesion  of  the  nerve  above  the  bifurca- 
tion, there  follows  total  paralysis  of  all  the  muscles 
of  the  leg  and  foot. 

The  wounded  fall  prostrate  the  moment  they  are 
hit.  Some  have  acute  pain  in  the  foot ;  others  feel 
as  if  the  limb  were  being  torn  away ;  others  believe 
the  leg  is  gone,  or  a  sensation  of  numbness  and  cold 
pervades  the  whole  leg  from  the  periphery  to  the  hip. 
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When  they  were  able  to  get  up  and  walk,  supported 
by  comrades,  some  noticed  that  the  foot  was  dropped 
and  inverted. 

We  have  not  had  the  opportunity  of  observing 
patients  wounded  in  the  sciatic  nerve  until  six  or 
eight  weeks  after  their  injuries.  By  this  time  sup- 
puration had  generally  ceased,  and  they  had  already 
tried  to  walk  with  crutches  or  sticks,  some  even 
without  any  support. 

Appearance  of  the  Lower  Limb. — The  foot  dangles 
and  drops.  In  walking  the  knee  is  unduly  raised,  but 
the  high  steppage  and  the  inclination  to  dropped  foot 
are  less  accentuated  than  is  the  case  when  the  external 
popliteal  nerve  alone  is  the  seat  of  injury. 

The  anterior  tibial  and  extensor  tendons,  so  notice- 
able on  the  sound  side,  do  not  stand  out  at  all  on  the 
paralysed  leg. 

If  the  patient  sits  on  the  edge  of  the  bed  with  the 
legs  hanging  down,  the  dropping  of  the  foot  is  very 
striking. 

The  toes  also  hang  down,  and  this  may  be  a  marked 
symptom  from  the  first.  When  the  patient  is  stand- 
ing there  may  be  noticed  some  degree  of  flattening  of 
the  plantar  arch. 

Motor  Disturbance. — No  active  movement  is  pos- 
sible. In  order  to  obviate  any  error  of  observation 
the  patient's  knee  should  be  kept  quite  stiff  while 
he  attempts  to  carry  out  movements  below  that 
joint.  The  wounded  man  cannot  stand  on  the  heel 
or  the  toes  of  the  paralysed  foot.     He  cannot  run. 

The  muscles  of  the  back  of  the  thigh  are  often 
affected.  But  as  a  rule  it  only  amounts  to  a  dimi- 
nution of  the  power  of  flexing  the  knee,  and  this 
diminution  affects  rather  the  biceps  cruris  than  the 
semitendinosus  or  the  semimembranosus  muscles. 

When  the  wound  is  very  high  (in  the  buttock), 
complete  paralysis  of  the  three  principal  flexor  muscles 
of  the  knee  is  observed. 

Vasomotor,  Secretory,  and  Thermal  Distm'bances.— 
Besides  the  immobility   and   dropping   of  the  foot, 
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vasomotor  symptoms  demand  attention.  The  foot 
and  lower  third  or  even  the  whole  of  the  leg  are  swollen. 
Although  on  examining  the  patient  in  the  morning 
after  the  night's  rest  only  a  moderate  oedema  may  be 
noticed,  a  very  considerable  swelling  will  be  present  at 
night  as  the  result  of  walking. 

Whether  definitely  oedematous  or  simply  infil- 
trated, the  foot  is  generally  of  a  purple  colour,  at  any 
rate  along  its  edges.  The  skin  on  the  dorsum  is 
fine  and  satin-like  ;  in  parts  it  may  be  covered  with 
scales  or  crusts.  Plantar  hyperkeratosis  is  of  frequent 
occurrence. 

Sweating  is  noticeable  for  its  absence  on  the  dorsum 
of  the  foot  as  well  as  on  the  sole.  Many  of  the  wounded 
point  out  this  symptom.  They  only  perspire  on  the 
inner  side  of  the  foot  in  the  area  of  the  internal 
saphenous  nerve,  a  branch  of  the  anterior  crural. 

This  congested,  swollen  foot  with  the  delicate  dry 
skin  is  generally  warmer  than  its  healthy  fellow,  at 
least  in  the  first  few  months  following  the  wound. 
This  difference  in  temperature  may  amount  to  2-3 
degrees. 

On  the  other  hand,  the  calf  of  the  wounded  leg  is 
often  colder  than  the  other,  but  this  symptom  is  not 
so  invariable. 

The  arterial  tension  taken  at  the  level  of  the  ankle 
by  means  of  Pachon's  sphygmomanometer  is  different 
from  that  of  the  healthy  side  ;  the  pulsation  appears 
earliest  on  the  wounded  side. 

All  these  phenomena  are,  as  Claude  Bernard  has 
demonstrated,  in  accord  with  a  paralytic  vasodilatation, 
due  to  the  fact  that  the  vasomotor  and  secretory 
fibres  to  the  foot,  carried  by  the  sciatic,  have  been 
involved  in  the  destructive  lesion  of  that  nerve. 

These  symptoms,  noticeable  during  the  earliest 
weeks  of  the  wound,  increase  in  intensity  when  the 
wounded  man  gets  up  and  begins  to  walk.  They 
gradually  diminish  as  time  goes  on. 

Sensory  Disturbances. — Disturbances  of  subjective 
sensibility  are  usually   absent.     We  have,   however, 


GREAT  SCIATIC  AND  POPLITEAL  NERVES    167 


Fig.  73. — Peripheral  sensory  distribution  of  the  foot. 
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met  with  patients  who  complained  of  tingling  or 
twitching  in  the  calf  or  in  the  foot,  though  the 
operation  proved  that  the  nerve  was  totally  severed. 
These  facts,  which  we  cannot  account  for,  are  of  rare 
occurrence. 

The  disturbances  of  objective  sensibihty  consist  in 
complete  anaesthesia  of  the  entire 
foot,  with  the  exception  of  the 
inner  border,  the  middle  part  of 
the  internal  plantar  region,  and 
the  internal  malleolus.  This  anaes- 
thesia extends  also  on  each  side 
of  the  tendo  Achillis,  includes  all 
the  region  of  the  external  malleo- 
lus, and  generally  extends  to  the 
middle  third  of  the  external  and 
posterior  surface  of  the  leg. 

Above  and  around  this  zone  of 
complete  anaesthesia  there  extends 
a  region  of  hypaesthesia  to  prick, 
of  more  marked  hypaesthesia  to 
touch,  and  of  anaesthesia  to  heat 
and  cold. 

And  still  further  up,  towards 
the  knee,  we  sometimes  find  a 
zone  of  slight  hypaesthesia  to 
touch,  with  great  hypaesthesia  and 
delayed  perception  as  regards 
medium  temperatures. 

The  sense  of  position  and  sensi- 
bility of  bone  are  abolished  almost  entirely  in  all  the 
toes,  in  the  sole,  and  in  the  back  of  the  foot. 

Some  patients,  however,  distinctly  feel  movements 
in  their  tibio-tarsal  articulation  ;  they  feel  the  wide, 
deep  pressure  of  their  foot  as  a  vague  shock.  Never- 
theless they  do  not  feel  the  ground  on  which  they 
walk,  and  they  have  the  impression  of  having  a  wooden 
leg.  Sensibility  to  the  vibrations  of  the  tuning-fork 
is  often  abolished  over  the  external  malleolus,  and 
even  along  the  shaft  of  the  fibula  ;    it  may  simply 


Fig.  74. — Distribution 
of  sensory  disturb- 
ance in  the  case  of 
a  grave  lesion  of  the 
great  sciatic  nerve. 
— Black :  complete 
anaesthesia  to  all 
forms  of  sensation. 
Grey:  hypaesthesia. 
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be  diminished  over  the  internal  malleolus,  on  the 
crest  of  the  tibia,  and  on  the  body  of  the  fibula. 

Pressure  on  the  external  popliteal  nerve  at  the 
neck  of  the  fibula,  on  the  internal  popliteal  in  the 
popliteal  space,  on  the  posterior  tibial  nerve  behind 
the  internal  malleolus,  palpation  of  the  trunk  of  the 
great  sciatic  nerve  in  the  thigh  below  the  wound — all 
these  produce  no  perceptible  pain,  except  in  very  rare 
cases. 

Electrical  Disturbances.— R.  D.  is  complete  in  all 
the  muscles  of  the  leg  and  foot.  It  is  frequently 
incomplete  in  the  muscles  on  the  back  of  the  hip. 

Faradic  contractility  is  aboUshed  in  all  the  muscles 
if  several  weeks  have  elapsed  since  the  wound. 

The  intensity  of  the  galvanic  current  necessary  to 
produce  contraction,  polar  inversion,  and  longitudinal 
reaction  vary  from  one  muscle  to  another,  but  the 
essential  phenomena  of  R.  D.  are  always  present. 

Amyotrophy. — Atrophy  of  the  leg  cannot  be  per- 
ceived for  some  time,  because  of  the  oedema  or  infil- 
tration of  the  calf.     The  size  of  the  hip  is  diminished. 

Reflexes. — The  knee-jerk  is  present,  and  it  is  often 
more  brisk  than  on  the  opposite  side.  The  ankle- 
\jerk  as  weU  as  the  medio-plantar  reflex  are  always 
abolished  ;  the  plantar  cutaneous  reflex,  when  sought 
for  on  the  inner  border  of  the  foot,  sometimes  pro- 
duces a  contraction  of  the  fascia  lata,  but  without 
any  distinct  movement  of  the  foot. 

Idiomuscular  contractility  of  the  muscles  of  the 
leg  is  generally  increased  in  the  earHer  weeks  ;  it 
diminishes  in  intensity  in  proportion  as  the  atrophy 
increases.  But  from  the  first,  percussion  of  the  gastroc- 
nemius produces  much  slower  contraction  than  on 
the  healthy  side  ;  this  slowness  also  effects  the  relaxa- 
tion of  the  muscular  contraction.^ 

Percussion  of  the  small  muscles  of  the  foot,  such 
as  the  extensor  brevis  digitorum  and  interossei,  and 
the  internal  aspect  of  the  sole  if  the  lesion  has  been 

1  Babinski,  Societe  de  Neurologic  de  Paris,  March  4,  1915.  Andre 
Thomas,  Societe  de  Biologie,  Jan.  22,  1916. 
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in  existence  for  any  time,  wiE  not  give  rise  to  any 
contraction.^  We  have  indicated  elsewhere  (p.  13) 
the  principal  points  on  which  percussion  should  be 
performed. 

EVOLUTION 

In  cases  where  the  section  has  been  complete,  if 
no  operation  has  been  performed  for  suturing  the 
nerve,  at  the  end  of  several  months  the  cHnical 
symptoms  become  modified.  The  infiltration  of  the 
tissues  grows  less,  atrophy  appears  and  rapidly 
increases,  and  as  the  ligaments  of  the  foot  become 
distended  it  drops  more.  The  dryness  continues. 
There  is  sometimes  plantar  hyperkeratosis  ;  but  more 
frequently  atonic  ulceration  appears  at  the  level  of 
the  heel,  at  the  outer  border  of  the  foot,  on  the  dorsal 
surface  of  the  toes  (especially  if  the  dropping  of  the 
toes  is  accentuated),  and  also  at  the  extremity  of  the 
great  toe. 

By  reason  of  the  anaesthesia  of  the  foot  the  wounded 
do  not  feel  knocks  or  the  friction  of  badly  fitting  boots  ; 
blisters  form  and  develop  into  ulcers,  which  extend  in 
depth  and  width  under  the  influence  of  the  original 
cause  and  walking. 

These  ulcerations  take  a  long  time  to  heal,  but 
perfect  cicatrisation  is  brought  about  by  complete 
and  prolonged  rest  in  bed. 

The  hair  does  not  always  appear  to  be  affected. 
In  numerous  cases  it  presents  the  same  development 
as  the  healthy  side!  But  if  shaving  takes  place,  as  for 
an  operation,  the  succeeding  growth  is  very  defective. 

The  nails,  which  are  livid  at  the  base  and  yellow  at 
the  extremity,  are  thick,  friable,  and  transversely 
striated. 

There  is  no  change  in  the  ancesthesia  of  the  foot, 
but  it  may  diminish  very  slightly  in  the  leg. 

Atrophy  develops  considerably  ;  the  muscular  de- 
velopment of  the  leg  is  very  much  reduced,  and  the 
diminution  in  the  size  of  the  hip  is  very  perceptible. 

^  J.  A,  Sicard  and  Cantaloube,  loc.  cit. 
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Muscular  percussion  produces  no  contraction,  or  very 
little. 

The  reaction  of  degeneration  results,  at  the  end  of 
several  months,  in  complete  faradic  and  galvanic 
inexcitabihty. 

In  spite  of  this  loss  of  strength  the  infiltration  of 
the  tissues  disappears.  It  is  only  the  skin  of  the 
insensitive  regions  which  is  thickened. 

The  calf  is  always  cold.  The  foot  is  often  cold  too, 
and  in  any  case  its  degree  of  heat  is  lower  than  in 
the  early  stage.  Its  colour  is  purple,  and  the  skin 
is  dry. 

RECOVERY  ' 

When  regeneration  of  the  nerve  takes  place,  the 
appearance  of  painful  symptoms,  such  as  limping, 
twitching,  and  tingling  in  the  calf  and  foot,  precede 
recovery  of  motor  power. 

The  restoration  of  objective  sensibility  is  more 
retarded,  and  only  established  a  short  time  before  the 
return  of  movement. 

Motor  recovery  comes  almost  suddenly.  It  is  very 
easy  to  recognise,  the  sciatic  nerve  being  the  only 
one  connected  with  the  muscles  of  the  leg  and  foot ; 
any  movement  of  the  latter  can  only  be  attributed  to 
a  regeneration  of  that  nerve. 

Before  the  actual  return  of  active  movements  the 

woujided  man  often  says  that  when    he  desires  to 

"command"  his  foot  he  feels   as  it  w;ere  a  current 

running  through  his  muscles  and  suddenly  blocked 

it  the  foot. 

Then  comes  a  day  when  he  suddenly  perceives, 
)ften  after  he  has  been  massaged,  that  his  foot  can 
execute  a  certain  movement  in  one  position. 

He  tries  to  repeat  this  movement  several  times, 
mt  does  not  always  succeed.  He  makes  repeated 
jfiorts,  and  when  he  is  just  about  to  give  up,  suddenly 
the  movement  occurs.  This  movement  is  soon  ex- 
lausted  ;  the  muscle  is  tired  after  two  or  three 
jontractions. 
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The  muscles  which  are  the  first  to  recover  are, 
according  to  the  individual,  the  tibialis  anticus,  the 
peroneus  longus  or  the  gastrocnemius  ;  very  much  more 
rarely  recovery  begins  in  the  tibialis  posticus.  In  the 
course  of  serious  lesions,  or  after  suture,  the  flexor 
or  extensor  muscles  of  the  toes  are  always  the  last  to 
recover. 

As  the  patient  reports  the  return  of  a  movement, 
he  can  indicate  the  most  favourable  position  to 
obtain  it.  In  order  to  move  the  tibialis  anticus  in 
most  cases  it  is  necessary  to  put  the  foot  down  flat, 
instead  of  letting  it  hang  ;  the  effort  needed  to  raise 
the  tendon  is  thus  diminished.  In  this  attitude,  if 
the  tendon  does  not  always  project  during  the  efforts 
at  movement,  the  substance  of  the  muscle  is  felt  to 
become  hard  on  palpation  immediately  external  to 
the  shin. 

Another  manoeuvre  consists  in  raising  the  paralysed 
foot  with  the  hand  and  flexing  it  forcibly  on  the  leg  ; 
if  the  tibialis  anticus  contracts,  it  will  keep  the  foot  in 
this  raised  position  for  a  few  seconds. 

To  test  the  gastrocnemii  the  patient  must  be 
seated  on  his  bed  with  the  knee  bent,  the  sole  of  the 
foot  resting  flat  on  the  bed,  then  the  calf  must  be 
grasped  and  palpated  with  both  hands.  If  the 
patient  tries  to  raise  the  heel,  the  sign  of  recovery  will 
be  the  hardening  of  the  muscles  under  the  hands. 

For  the  peronei  the  recumbent  position  is  the  best, 
the  foot  resting  on  the  heel  on  the  bed,  the  toes 
pointing  upwards. 

Mistakes  may  easily  be  avoided  by  keeping  the 
patient's  knee  fixed  to  prevent  the  transmission  of 
the  movements  of  the  thigh  to  the  aponeurosis  of 
the  leg. 

Recovery  of  movement  makes  very  slow  progress  ; 
movements  take  place  in  one  muscle,  and  several  weeks 
may  pass  before  another  recovers  its  motility. 

As  to  the  recuperation  of  motor  vigour,  it  no  doubt 
takes  years  in  the  case  of  a  total  section  of  the  sciatic 
nerve. 
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As  the  motor  symptoms  improve,  the  sensory 
disturbances  are  modified.  Zones  of  parsesthesia 
develop  in  areas  where  sensation  was  formerly  dulled  ; 
these  paraesthetic  phenomena  are  very  numerous  in 
sciatic  paralysis.  We  shall  study  their  characteristics 
in  relation  to  the  sensory  restoration  of  the  nerves. 

Deep  sensibility  reappears.  When  great  pressure 
is  exercised  on  the  foot,  the  patient  has  the  impres- 
sion of  having  the  foot  in  a  "  vice  "  ;  he  feels  passive 
movements  impressed  on  it  as  though  they  came 
through  a  plaster  casing. 

Vasomotor  symptoms  disappear  some  time  before 
the  restoration  of  sensibility. 

The  return  of  electrical  contractility,  which  may 
precede  the  return  of  voluntary  movement,  will  be 
studied  with  more  detail  in  the  second  volume  of  this 
work. 

Atrophy  does  not  visibly  decrease  till  after  the 
recovery  of  motility.  Muscular  tonicity  is  then  rapidly 
re-established  ;  the  dropping  of  the  foot  is  less  marked ; 
dangling  disappears  gradually,  and  this  return  of 
tonicity  takes  place  more  rapidly  than  motor  recovery. 
A  certain  degree  of  muscular  tonus  reappears,  how- 
ever, before  any  sign  of  muscular  contraction. 

We  have  not  yet  found  a  case  in  which  the  ankle- 
jerk  reappeared. 

Signs  of  Recovery. — Sciatic  paralysis  may  be  con- 
sidered cured  when  the  wounded  man  can  easily 
execute  a  "  see-saw  "  movement — i.e.  when  standing 
with  the  feet  together  on  the  ground  he  must  be  able 
to  balance  himself  alternately  on  the  toes  and  on  the 
heels  (Pitres). 

Another  sign  is  being  able  to  beat  a  measure  in 
common  time  with  the  injured  foot  (Pitres). 

I  B.  INCOMPLETE  PARALYSIS 

It  often  happens  that  only  the  fibres  of  the  external 
popliteal  nerve  are  affected  in  the  trunk  of  the  great 
sciatic  nerve.  We  shall  study  these  cases  when  we 
deal  with  paralysis  of  the  external  popliteal. 


I 
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In  other  cases  the  projectile  has  injured  certain 
fibres  of  both  of  the  popHteal  nerves.  We  then  get 
dissociated  paralysis  of  the  muscles  supplied  by  these 
branches. 

This  dissociated  paralysis  is  nearly  always  accom- 
panied by  painful  phenomena  when  the  lesion  also 
affects  the  fibres  of  the  internal  popliteal,  as  we  shall 
show  when  we  discuss  the  painful  forms  of  paralysis 
of  the  sciatic  nerve. 


Painful  Forms  of  Lesions  of  the  Sciatic 
Nerve 

We  have  just  seen  how  vasomotor,  secretory,  and 
sensory  disturbances  are  accentuated  in  cases  of  serious 
lesion  of  the  sciatic  nerve  in  purely  paralytic  forms. 

When  the  wound  has  injured  the  nerve  without 
totally  dividing  it,  the  signs  of  recovery  are  definitely 
accompanied,  more  than  in  the  case  of  any  other 
nerve,  by  neuralgic  pains  and  myalgia,  which  is  not 
surprising  considering  the  clinical  history  of  this  nerve 
(sciatic  neuralgia),  apart  from  any  traumatism. 

There  are  certain  partial  lesions  which  are  accom- 
panied, from  the  commencement,  by  painful  pheno- 
mena exactly  similar  to  those  described  in  relation  to 
the  median  nerve. 

A  wound  of  the  great  sciatic  is  only  painful,  it  would 
seem,  when  the  fibres  of  the  internal  popliteal  have  been 
involved.  In  the  same  way  vasomotor,  secretory,  and 
caloric  reactions  are  observed  only  in  lesions  where 
the  fibres  of  this  branch  have  been  affected. 

This  is  confirmed  by  what  we  observe  in  wounds 
situated  below  the  bifurcation  of  the  great  sciatic. 
Only  lesions  of  the  internal  popliteal  or  of  its  terminal 
branch,  the  posterior  tibial,  are  painful. 

The  history  of  the  wound  is  the  same  as  that  of 
purely  paralytic  lesions.  Suppuration  has  not  been 
more  abundant.  From  the  time  of  the  wound  there 
has  been  acute  pain,  but  it  was  only  a  few  days  later 
that  it  took  on  its  peculiar  character. 
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The  patient  is  confined  to  his  bed.  He  is  tortured 
by  hypersesthesia  of  the  foot,  particularly  of  the  sole 
and  toes.  He  keeps  the  knee  half  flexed,  and  in  ex- 
ternal rotation,  to  relax  the  nerve-trunk  ;  he  needs 
a  cradle  to  keep  off  the  weight  and  contact  of  the  bed- 
clothes. 

The  foot  is  swollen  and  puffy,  although  pressure  on 
the  skin  with  the  finger,  for  instance,  cannot  always 
cause  pitting. 

The  skin  is  shiny,  tense,  and  brownish -red  in  colour. 
Sweating  is  absent  in  the  graver  forms,  but  in  slighter 
cases  it  is  exaggerated. 

From  the  first  weeks  the  toes  have  a  tendency  to 
shrivel  up  and  draw  together.  This  deformity  is  most 
];narked  in  the  second  phalanx  of  the  great  toe,  and 
in  the  last  two  phalanges  of  the  others. 

The  leg  is  very  emaciated,  and  this  emaciation 
extends  to  the  thigh. 

Motor  Disturbances. — Movement  is  frequently  quite 

I  impossible  during  the   first  weeks.     Then  motor  re- 
covery becomes  perceptible,  most  often  in  the  region 
of  the  internal  popliteal  (adduction  of  the  foot  ;   very 
slight  flexion  of  the  great  toe  or  of  all  the  toes  at  once). 
In  other  cases  where  the  fibres  of  the  external  popli- 
teal are  less  injured,  the   movements  controlled  by 
that  nerve  are  the  first  to  be  recovered. 
Electrical   Disturbances. — These    vary   in   different 
cases,  and  always  predominate  in  the  muscles  which 
are  most  affected. 
Disturbances  of  Subjective  Sensibility. — Spontaneous 
pain  is  compared  to  that  of  burning,  smarting,  and 
tearing  ;    it  is  localised  in  the  sole  of  the  foot,  particu- 
larly in  its  internal  region,  where  reddish  lines  are 
I  of  ten  visible,  and  the  skin  has  a  punctate,  granular, 
and  pink  appearance. 
The  pain  often  affects  the  tips  of  the  toes,  principally 
of  the  great  toe,  and  the  plantar  region  corresponding 
to  the  heads  of  the  metatarsals. 
The  internal  plantar  region  is  sometimes  the  only 
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In  more  complete  forms  all  the  toes  are  painful,  in- 
cluding the  dorsal  surface  of  their  third  phalanx. 

The  pain  occurs  in  paroxysms,  and  the  entire  foot 
becomes  hypersesthetic. 

As  in  the  case  of  the  median  nerve,  the  pain  is  in- 
fluenced by  a  variety  of  causes — e.g.  letting  the  limb 
hang  down  (the  foot  becoming  red-brown),  grazing  or 
jarring  it,  noise,  light,  emotions,  etc. 

After  vainly  trying  various  soothing  applications 
the  patient  has  recourse  to  hot  or  cold  water,  wet 
compresses,  and  prolonged  foot-baths. 

The  pain  and  irritation  produced  by  touching  any 
dry  object  extends  to  the  w^hole  body  ;  some  patients 
damp  their  hands  before  touching  anything  at  all. 

Very  slight  pressure  on  the  muscles,  and  especially  on 
the  trunk  of  the  nerve  below  the  wound,  is  very  painful. 

Disturbances  of  Objective  Sensibility. — These  are  vari- 
able. There  may  be  complete  anaesthesia  in  the  region 
of  the  external  popliteal,  and  in  a  great  part  of  the 
region  of  the  internal  popliteal.  At  other  times  there 
are  simply  anaesthesia  to  a  superficial  touch,  and  hyper- 
aesthesia  to  pricking  and  heat  throughout  the  sole  of 
the  foot. 

In  numerous  cases  there  is  a  very  clear  distinction  be- 
tween the  hyperaesthesia  of  the  internal  plantar  region 
and  the  hj^paesthesia  of  the  external  plantar  region. 

Reflexes. — The  knee-jerk  and  gluteal  reflex  are  very 
brisk.     The  ankle-jerk  is  always  abolished. 

Idiomuscular  contractility  is  exaggerated,  and  this 
modification  extends  upwards  to  the  gluteal  muscles. 

Vasomotor  and  Thermal  Symptoms. — The  tempera- 
ture of  the  paralysed  foot  is  higher  than  that  of  the 
healthy  one.  Arterial  pressure  is  often  affected,  an 
increase  of  the  maximum  pressure  (1  degree  more  than 
on  the  healthy  side)  being  found. 

EVOLUTION 

Though  time  mitigates  the  pain,  which  generally 
disappears  more  quickly  than  in  the  case  of  the  median 
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rve,  on  the  other  hand  it  consolidates  lesions  such 

s   muscular   atrophy   and   articular   ankylosis.     The 

knee  is  flexed,  the  foot  ankyloses  with  the  leg,  the  ex- 

remity  of  the  foot  drops,  the  tendo  Achillis  retracts, 

he  toes  become  flexed  at  the  me tatarso -phalangeal 

articulations,  and  the  inner  side  of  the  foot  turns  inward 

to  the  sole.     The  foot  becomes  narrower  and  tapering 

L4ri).     The  pathogeny  of  these 

arious  deformities,  and  parti- 

ularly  that  of  clawing  of  the 

toes,    is    disputed  ;   they   have 

been  attributed  to  a  retraction 

of  the   plantar   aponeurosis  or 

to  a  retraction  of  the  tendons. 

In  our  opinion  they  are  to  be 

attributed    to    lesions    of    the 

articulations    of   the   foot   and 

toes  rather  than  to  any  other 

cause. 

The  idiomuscular  contractil- 
ity remains  exaggerated.  The 
ankle-jerk  is  always  abolished.^ 

The  recovery  of  voluntary 
movement  is  slight,  and  takes 
a  long  time  in  serious  cases. 

Involuntary  movements  are 
sometimes  observed  when  the  ankyloses  allow  them  to 
take  place.  These  movements  sometimes  consist  in 
an  abduction  of  the  foot  followed  by  adduction,  or  in 
flexion  of  the  great  toe  or  all  the  toes.  In  one  case 
we  have  observed  a  genuine  movement  of  circum- 
duction of  the  foot  on  the  leg,  although  the  patient 
could  make  no  voluntary  movement,  and  the  R.  D. 
was  ver}^  marked  in  aU  the  muscles  of  the  leg  and 
foot. 

Radiography  usually  shows  considerable  decalcifi- 
cation of  the  bones  of  the  foot. 


1  In  one  case  we  observed  an  inverted  ankle -jerk :  the  percussion 
of  the  tendo  Achillis  Was  accompanied  by  a  dorsal  flexion  of  the  foot 
and  definite  adduction. 

12 


Fig.  75.  —  Claw -like  de- 
formity of  the  toes  follow- 
ing a  lesion  of  the  great 
sciatic  (painful  form). 


178     CLINICAL  FORMS  OF  NERVE  LESIONS 

When  the  wound  is  of  old  standing,  the  skin  of  the 
foot  becomes  brown  and  its  temperature  cold.  In 
some  parts  branny  desquamation  or  hyperkeratosis 
is  to  be  observed.  Ulcerations  are  sometimes  seen  in 
the  anaesthetic  areas. 

Spontaneous  pain  gradually  grows  less.  Dysesthesia 
gradually  diminishes  in  intensity,  but  continues  to 
take  the  form  of  tactile  hypsesthesia  and  hyper- 
aesthesia  to  pricking. 

Mistakes  of  interpretation  and  of  localisation  seemed 
to  us  to  be  very  frequent  in  this  form.  Perception 
of  heat  and  cold  is  particularly  defective  ;  the  patient 
is  mistaken  in  quality.  In  some  cases,  when  his  foot 
is  touched  with  a  warm  tube  he  says  it  is  "  warm," 
but  a  few  instants  later  the  sensation  is  divided : 
the  "  warm  "  continues  to  be  felt,  but,  at  the  same 
time,  an  impression  of  cold  is  felt  a  little  lower  down. 
Weber's  circles  are  enlarged.  The  patient  often  per- 
ceives only  the  point  of  the  compass  which  is  nearest 
the  knee. 

Disturbances  of  bone  sensibility  vary  in  different 
cases. 

Painful  Forms  of  Milder  Degree 

Besides  the  very  painful  forms,  with  pronounced 
motor  and  articular  disturbance,  there  exist  a  multi- 
tude of  slighter  forms.  In  these  the  paralysis  is  not 
marked,  or  it  is  localised  to  a  group  of  muscles. 
Ankylosis  is  not  pronounced,  and  gradually  yields  to 
physio-therapeutic  remedies.  The  less  intense  pains 
only  affect  the  sole  of  the  foot.  Sweating  is  very 
abundant  at  first,  infiltration  of  the  foot  is  more  or 
less  developed,  and  electrical  disturbance  exists  in  pro- 
portion to  the  paratysis.  But  the  ankle- jerk  is  always 
abolished,  even  when  the  gastrocnemius  has  retained 
its  motility. 

The  pains  grow  less  at  the  end  of  several  months, 
and  the  secretory  troubles  disappear.  But  the  in- 
voluntary movements,  the  aching  in  the  calf,  the  pain 
caused  by  pressure  on  the   nerve-trunk,  the  atrophy 
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and  mechanical  excitability  of  the  muscles,  persist 
for  a  long  time. 

In  other  cases  the  pains  have  no  causalgic  character 
at  all,  and  do  not  affect  the  sole  of  the  foot,  but  rather 
the  tibio-tarsal  articulation,  or  the  outer  surface  of 
the  caK.  Walking  then  becomes  possible  in  a  very 
short  time.  But  the  ankle- jerk  is  always  abolished, 
whatever  may  be  the  motor  condition  of  the  muscles 
of  the  calf. 

Pathogeny. — In  these  painful  forms  of  lesions  of  the 
sciatic  nerve,  the  anatomical  lesions  are  not  serious  : 
we  have  never  met  with  a  complete  section  of  the 
nerve.  It  is  generally  a  case  of  compression,  crushing, 
or  swelling  of  the  nerve,  which  appears  cedematous, 
congested,  or,  if  the  wound  dates  back  several  months, 
grey  and  indurated. 

Suppuration  or  haemorrhage  was  abundant  in  a  few 
cases,  while  in  others  the  patient  neither  lost  blood 
nor  suffered  from  sepsis. 

To  explain  the  pathogeny  of  these  painful  forms  it 

necessary  to  bear  in  mind  the  importance  and  the 

:eat  number  of  the  vasoniotor,  secretory,  and  other 
ibres  which  follow  the  trunk  of  the  sciatic  nerve,  and 
^hich,  after  leaving  the  cord,  accompany  the  posterior 
roots  of  the  sacral  plexus. 

It  is  also  necessary  to  bear  in  mind  the  region  in 

'^hich  these  painful  phenomena  develop :  the  sole  of 

bhe  foot,  like  the  palm  of  the  hand,  contains  a  great 

lumber   of   specialised   nervous   corpuscles,    some    of 

rhich  belong  exclusively  to  the  skin  of  these  regions. 

Lastly,  as  we  stated  with  Dr  Henry  Meige  in  July 
.915,  we  must  take  into  account  the  vascularisation 
of  the  sciatic  nerve,  which  has  a  very  large  artery 
(artery  of  the  sciatic  nerve,  a  branch  of  the  sciatic), 
injury  to  which  might  be  partly  responsible  for  these 
altogether  peculiar  phenomena.  Possibty  there  is  an 
inflammation  of  the  sympathetic  fibres  which  accom- 
pany this  artery.  We  are,  however,  inclined  to  admit 
an  irritative  lesion  of  the  numerous  sympathetic  fibres 
following  the  trunk  of  the  nerve,  particularly  a  direct 
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EXPLANATION  OF  PLATE  VII 


A.  Radiography  of  the  two  hands  of  a  patient  suffering  from  a 
painful  form  of  median  nerve  wound  (causalgia),  showing  considerable 
decalcification  of  the  bones. 

This  decalcification  predominates  in  the  phalanges  of  the  thumb 
and  index  finger,  but  it  also  affects  those  of  the  last  three  fingers  as 
well  as  the  heads  of  all  the  metacarpal  bones. 

The  bones  of  the  carpus  are  much  less  affected. 

The  decalcification  is  more  marked  in  the  neighbourhood  of  the 
inter-phalangeal  and  metacarpo-phalangeal  articulations. 

B.  Appearance  of  the  leg  and  foot  in  a  painful  form  of  paralysis 
of  the  great  sciatic  nerve. 

Considerable  atrophy  of  the  muscles  of  the  calf. 

Development  of  the  pilous  system. 

The  foot  is  in  extension  {plantar  fiexion)  on  the  leg  through  ankylosis 
of  the  tibio-tarsal  articulation. 

The  toes,  and  particularly  the  great  toe,  are  strongly  flexed.  This 
irreducible  flexion  is  most  marked  in  the  last  phalanx. 

The  inner  border  of  the  foot  is  also  rolled  inwards  towards  the  plantar 
surface,  and  the  whole  foot  is  more  contracted  than  the  healthy  one. 

C.  The  same  foot  seen  on  its  dorsal  surface.  The  '' rolled-in'^ 
appearance  of  the  internal  edge  comes  out  very  distinctly. 


Clinical  Forms  of  Nerve  Lesions. '\ 
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PLATE  VII.— Nerve  lesions  (clinical  forms). 
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lesion  of  those  centrifugal  fibres  that  spread  out  and 
form  the  organ  of  Timofeew,  round  the  sensory  cor- 
puscles of  the  skin,  and  round  their  central  myelinated 
fibre  (page  84). 

What  is  the  nature  of  this  lesion  ?  As  in  the  case 
of  the  median  nerve,  we  consider  that  it  is  a  case  of 
a  chronic  interstitial  inflammation,  as  might  be  con- 
cluded from  the  congested,  oedematous  appearance  of 
the  nerve  in  recent  lesions  of  this  description,  and  from 
the  induration  and  shrunken  greyish  aspect  of  the 
nerve  in  older  lesions. 

Paralysis  of  the  External  Popliteal  Nerve 

A  lesion  affecting  the  external  popliteal  nerve  in 
the  popliteal  space  below  the  bifurcation  of  the  great 
sciatic  nerve  produces  the  same  paralytic  and  sensory 
disturbances  as  a  wound  in  the  fibres  of  the  external 
part  of  the  great  sciatic  trunk.  The  differences  that 
may  exist  between  the  two  clinical  forms  are  very 
slight,  and  will  be  indicated  in  the  course  of  this 
description. 

A.  COMPLETE  PARALYSIS 

The  great  majority  of  wounds  of  the  external  popli- 
teal cause  immediate  and  extensive  paralysis  of  the 
muscles  of  the  antero -external  region  of  the  leg  and 
of  the  peroneus  longus  and  brevis. 

The  external  popliteal  nerve  behaves  in  this  respect 
exactly  like  the  musculo -spiral  nerve. 

The  phenomena  which  immediately  follow  the 
wound  show  nothing  characteristic — pain  like  that 
from  the  lash  of  a  whip,  a  sensation  like  that  of  the 
leg  being  torn  away,  etc.  The  only  constant  event  is 
the  immediate  foot-drop. 

Appearance  and  Gait. — At  the  end  of  four  to  six 
weeks,  if  there  has  been  no  serious  infection  or  con- 
siderable fracture  of  the  bones,  the  patient  begins  to 
walk. 

He  walks  with  a  steppage  gait,  raising  the  knee 
high,  the  point  of  the  foot  dropping  and  in  adduction 
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during  the  forward  step ;  the  foot  is  planted  heavily 
on  the  ground,  and  the  plantar  arch  is  somewhat 
flattened.^ 

Some  men  show  an  exaggerated  degree  of  steppage 
gait,  flinging  out  the  foot,  so  much  so  that  they  prefer 
to  walk  with  crutches  until  they  are  made  to  wear  a 
prosthetic  apparatus  correcting  this  action  of  the  foot. 

Cases  of  this  kind  tend  partly  to  verify  the  witticism 
of  Duchenne  (of  Boulogne)  :  "  It  is  better  to  lose  all 
the  motor  muscles  of  the  foot  and  leg  than  to  keep 
some  of  them  only." 

When  the  patient  is  sitting  the  foot-drop  is  accentu- 
ated, sometimes  even  more  so  than  in  a  case  of  total 
paralysis  of  the  sciatic  nerve. 

A  slight  drop  of  the  first  phalanx  of  all  the  toes  is 
observed.  When  the  patient  is  lying  down  with  the 
leg  extended,  it  will  be  found  that  the  plantar  surface 
of  the  foot  turns  in,  and  that  the  foot  dangles  when 
sudden  movements  are  imparted  to  the  leg. 

If  the  paralysis  dates  back  some  time,  a  slackening 
and  distension  of  the  ligaments  of  the  ankle  are 
observed.  Paralysis  of  the  extensor  longus,  which  is 
normally  an  active  and  very  effective  ligament  of  the 
medio-tarsal  articulation,  produces  a  flexion  of  the  foot 
at  this  point  which  increases  its  dangling.  It  is  not 
uncommon  to  find  in  such  a  case  a  dorsal  tumour  of 
the  tarsus,  which  is  usually  due  to  the  more  or  less 
pronounced  projection  of  the  heads  of  the  astragalus 
and  scaphoid  bones,  and  to  the  thickening  of  the 
sheaths  of  the  extensor  tendons. 

Motor  Disturbances. — To  examine  the  condition  of 
voluntar}^  movement  it  is  necessary  to  render  the 
knee  of  the  patient  immovable,  and  to  palpate  the 
muscles  and  the  different  tendons  at  the  ankle  atten- 
tively,  so  as  not  to   mistake  the  twitchings  of  the 

^  This  flattening  is  not  very  pronounced,  probably  owing  to  the 
associated  paralysis  of  the  tibialis  anticus,  which  in  the  normal  state 
draws  the  first  metatarsal  in  an  opposite  direction  from  the  action,  of 
the  peroneus  longus.  When  the  peroneus  longus  is  paralysed,  the  pre- 
dominant action  of  the  tibialis  anticus  causes  the  complete  flattening 
of  the  plantar  arch. 


I 
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aponeurosis  of  the  leg  caused  by  the  muscles  of  the 
thigh,  or  the  contractions  of  the  other  muscles  of  the 
leg,  for  active  movements  of  the  antero-external  group 
of  muscles. 

Under  these  conditions  no  active  movement  of 
dorsal  flexion  of  the  foot  (tibialis  anticus)  is  possible. 

The  movements  of  adduction  executed  by  the  foot 
during  this  effort  to  raise  the  foot  are  due  to  the  tibialis 
posticus,  which  projects  behind  the  internal  malleolus. 

Extension  of  the  proximal  phalanges  of  the  toes  is 
impossible,  the  extensor  longus  digitorum,  the  extensor 
proprius  hallucis,  and  the  extensor  brevis  digitorum  being 
paralysed.  But  the  contraction  of  the  interosseous 
tendons,  which  in  the  foot,  as  in  the  hand,  extend  the 
last  two  phalanges,  might  make  one  think  that  there 
was  an  extension  of  the  toes.  During  these  efforts  at 
extension,  however,  the  first  phalanx  is  not  affected, 
and  the  extensor  tendons,  so  prominent  in  the  normal 
state  beneath  the  skin  of  the  back  of  the  foot,  do  not 
project  at  all. 

Genuine  abduction  of  the  foot  cannot  be  accom- 
plished (paralysis  of  the  peroneus  longus  and  brevis)  ; 
when  the  patient  is  ordered  to  turn  his  foot  outward 
he  forcibly  contract?  the  gastrocnemius  and  soleus,  and 
lowers  the  point  of  the  foot.  Examination  of  the 
peroneal  tendons  behind  the  external  malleolus  reveals 
no  appreciable  contraction.  Owing  to  the  weakness 
of  the  muscles  which  we  have  just  mentioned,  the 
patient  cannot  walk  on  the  heel  of  the  paralysed  side, 
he  cannot  run  because  of  the  foot-drop,  and  though 
he  can  stand  on  tiptoe,  he  experiences  some  difficulty 
in  keeping  his  balance. 

Atrophy  of  the  muscles  of  the  antero-external 
group,  hardly  perceptible  at  first,  increases  as  time 
goes  on. 

Electrical  Disturbances. — As  in  all  complete  and 
serious  paralysis,  electro -diagnosis  shows  loss  of  faradic 
and  galvanic  excitability  of  the  nerve  and  a  reaction 
of  degeneration  in  the  paralysed  muscles. 

When  the  lesion  is  of  old  standing  and  the  muscular 
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impairment  advanced,  the  longitudinal  reaction  is 
more  active  than  the  reaction  at  the  points  of  election ; 
then  the  loss  of  faradic  and  galvanic  excitability  of 
the  muscles,  and  the  rapid  diffusion  of  the  current  into 
the  gastrocnemii,  the  tibialis  posticus,  and  the  flexors 
succeed  the  initial  reaction  of  degeneration. 

Subjective  Sensory  Disturbances. — ^Painful  pheno- 
mena are  rare  in  the  case  of  lesions  of  the  external 
popliteal  nerve.  When  they  exist  they  consist  of 
aching  pains  in  the  upper  part  of  the  outer  surface  of 
the  leg,  in  which  case  they  are  due  to  lesions  in  the 
bones  (fracture  or  fissure  of  the  head  of  the  fibula)  or 
ligaments. 

In  other  cases  the  pain  is  more  intense,  and  is  seated 
in  the  malleolar  region,  radiating  towards  the  external 
border  of  the  foot,  and  in  rarer  cases  towards  its  dorsal 
surface. 

In  the  great  majority  of  these  cases  we  found  an 
abolition  or  a  great  diminution  of  the  ankle-jerk. 

The  lesion  has  then  affected  the  trunk  of  the  sciatic 
nerve  above  its  bifurcation,  with  serious  involvement 
of  the  fibres  of  the  external  popliteal,  and  it  has  also 
caused  some  irritation  of  the  fibres  of  the  internal  pop- 
liteal, hence  the  existence  of  the  pain  and  the  loss  of 
the  ankle-jerk.i 

When  the  lesion  is  seated  lower  down  in  the  popliteal 
space,  the  pain  is  due  to  the  partial  embedding  of  the 
internal  popliteal  nerve  in  the  fibrous  cicatricial  tissue 
of  the  wound. 2 

Objective  Sensory  Disturbances. — Disturbances  of 
objective  sensibility  occur  on  the  dorsal  surface  of  the 
foot,  in  the  area  of  the  musculo-cutaneous,  and  on  the 
outer  surface  of  the  leg,  in  the  areas  of  the  cutaneous 
peroneal,  and  communicans  peronei  nerve  regions. 

In  the  foot  diminution  of  sensibihty  reaches  to  the 

^  In  this  case  the  gastrocnemii  show  slight  electrical  changes. 

2  We  have  observed  one  case  of  complete  section  of  the  external 
popliteal  nerve  with  pain  in  the  ankle  and  loss  of  the  ankle -jerk.  At 
the  operation  the  upper  end  of  the  nerve  was  found  to  be  adherent  to 
the  internal  popliteal,  which  was  quite  unaffected. 
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base  of  the  toes,  and  extends  inwards  to  the  inner 
border  of  the  foot,  and  outwards  to  the  fifth  meta- 
tarsal. 

On  the  external  surface  of  the  leg  this  disturbance 
of  sensation  rises  to  different 
heights,  but  it  does  not  gener- 
ally extend  further  than  the 
middle  third,  and  does  not 
reach  the  shin. 

Round  the  zone  of  anaes- 
thesia we  generally  find  a 
band  of  hypaesthesia  of  greater 
or  less  extent.  Pressure  on 
the  trunk  of  the  nerve  at  the 
neck  of  the  fibula  does  not 
cause  pain,  unless  there  are 
local  lesions  of  the  bone. 

Reflexes.  —  The  knee-  and 
ankle-jerks  are  present.  We 
have  seen  cases  in  which 
the  latter   was   absent.      The 

)lantar    cutaneous    reflex    is 

dways  flexor. 
Idiornuscular   contraction  is 

ixaggerated    in     the     earlier 

jtages   in   the    large    muscles 

)f  the  antero -external  region 

md  in  the  peronei. 
It    diminishes  in  intensity, 
[and  gets  rather  slower  when 


Fig.  76.  —  Zone  of  sensory 
changes  of  the  dorsum  of  the 
foot  in  a  case  of  lesion  of 
the  external  popliteal  nerve. 


rthe  paralytic  lesion  is  several   ^^^  77.-Distribution  of 

months  old.     This  slow  mus- 
[cular  contraction  is  best  seen 

In  the   extensor    brevis    digi- 

;orum   in   the    earlier    weeks 
j(Sicard)  ;    it    is    not    long   in 

[disappearing    completely    as    the    muscular    atrophy 
[progresses. 

Vasomotor  Disturbances. — These  are  not  important. 
fin  rare  cases  there  is  a  purple  discolouration  of  the  foot, 


sory  disturbance  in  lesions 
of  the  external  popliteal 
nerve.  The  black  area  re- 
presents anaesthesia,  the 
dotted  area  hypsesthesia. 
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which  is  colder  than  the  one  on  the  opposite  side. 
CEdema  can  never  be  detected. 

The  skin  is  normal,  and  there  is  no  important  change 
in  the  nails  or  in  the  pilous  system.  Desquamation 
of  the  epidermis  with  diminution  or  disappearance  of 
sweating  may  sometimes  be  observed  in  the  first  two 
dorsal  interosseous  spaces. 

The  subcutaneous  tissue  is  slightly  infiltrated  on  the 
external  surface  of  the  leg,  as  can  be  found  by  pinching 
the  skin. 

Recovery. — Restoration  (spontaneous  or  after  suture 
of  the  divided  nerve)  takes  place  only  after  several 
months.  The  first  favourable  sign  is  the  appearance 
of  subjective  disturbance  of  sensibility,  such  as  pain 
on  pressure  of  the  nerve-trunk  and  on  pinching  the  skin 
in  the  sensory  region  of  the  nerve. 

Motor  recovery  returns  more  slowly  ;  at  the  same 
time  the  sensory  impairment  begins  to  clear  up. 

The  tibialis  anticus  is  generally  the  first  to  recover 
its  motility.  This  restoration  can  be  detected  by 
feeling  the  body  of  the  muscle,  which  hardens  when 
the  effort  is  made,  and  by  noticing  the  movement  of 
its  large  tendon  on  the  front  of  the  ankle. 

At  other  times  the  peronei  are  the  first  to  recover, 
while  the  extensor  longus  digitorum  and  extensor  pro- 
prius  hallucis  always  recover  their  motihty  last  of  all. 
When  the  ligamentous  distension  is  very  pronounced, 
the  appearance  of  the  first  voluntary  movements  does 
not  always  modify  the  attitude  of  the  limb.  The 
patient  continues  his  steppage  gait  as  in  the  early 
weeks,  the  point  of  the  foot  continuing  to  drop. 

But  when  once  the  muscles  are  in  the  wa}'  of  re- 
covery the  improvement  in  their  tonicity  becomes 
evident,  atrophy  disappears  more  quickly,  and  this 
progress  is  more  rapid  than  that  of  voluntarj?^ 
movement. 

Complete  recovery  does  not  take  place  for  a  very 
long  period  ;  in  some  cases  the  return  to  a  normal  state 
may  take  years.  In  fact,  we  have  not  yet,  after  a 
period  of  twenty  months,  met  with  a  case  of  complete 
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recovery  of  a  serious  lesion  of  the  external  popliteal 
nerve. 

Signs  of  Recovery. — A  patient  of  this  sort  may  be 
considered  to  have  completely  recovered  when  he  can 
beat  a  measure  in  common  time,  and  when  he  can 
support  himself  alternately  on  the  heel  and  on  the 
point  of  the  foot  (Pitres). 

B.  DISSOCIATED  PARALYSIS 

Cases  of  incomplete  and  dissociated  paralysis  are 
met  with,  but  not  very  frequently  ;  they  generally 
occur  after  wounds  of  the  leg,  in  which  the  musculo- 
cutaneous alone  or  the  anterior  tibial  have  been  in- 
volved. But  lesion  of  the  nerve  above  its  bifurcation 
may  occasion  sensory  and  paralytic  disturbances  con- 
fined to  a  limited  area. 

When  the-  paralysis  predominates  in  the  tibialis 
anticus  and  the  extensors  of  the  toes  the  foot  hangs 
down,  but  is  not  adducted.  The  plantar  a-rch  is 
normal,  but  abduction  of  the  foot  is  often  more  marked 
jhan  in  complete  paralysis. 

Sensory  disturbances  then  occur  only  in  the  first 
iorsal  interosseous  space. 
The  study  of  operative  results,  and  particularly  the 
Lrect  electrization  of  injured  and  healthy  nerves,  shows 
tihat  in  the  trunk  of  the  external  popliteal  nerve  in 
the  popliteal  spade  the  motor  fibres  are  arranged  in 
the  following  manner  : — 

On  the  antero-external  surface  of  the   nerve  :-^the 
ibres  supplying  the  extensor  longus  digitorum. 

On  the  antero-internal  surface: — the  tibialis  anticus. 
'  On  the  external  surface: — the  extensor  proprius 
dlucis. 

On  the  posterior  surface  : — ^the  peroneus  longils  and 
^brevis. 

Paralysis  of  the  Internal  Popliteal  Nerve,' 

Complete  and  isolated  paralysis  of  the  internal 
popliteal  by  direct  lesion  of  the  nerve  in  the  pophteal 
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space,  or  by  injury  to  the  internal  fibres  of  the  great 
sciatic  trunk,  is  rather  rare.  What  we  meet  with 
most  often  is  partial  or  dissociated  paralysis  of  this 
nerve,  accompanied  b}^  more  or  less  complete  paralysis 
of  the  external  popliteal  nerve.  The  pain  being  in 
these  cases  a  constant  phenomenon,  the  study  of  dis- 
sociated paralysis  is  included  in  that  of  the  painful 
forms  of  the  sciatic  nerve  described  above.  In  the 
wounds  of  the  internal  popliteal  which  we  have  met 
with,  we  have  not  found  a  case  of  complete  section 
of  the  nerve. 

We  will  therefore  describe  a  form  of  complete  para- 
lysis caused  by  serious  lesion  of  the  nerve  but  with- 
out complete  division. 

Appearance  and  Gait. — The  wounded  man  appears 
with  one  foot  hanging  down  and  oedematous  and  the 
toes  swollen,  having  their  first  phalanx  extended  and 
the  two  others  flexed.  The  projection  of  the  tendo 
Achillis  is  absent. 

CEdematous  infiltration  of  the  foot  extends  to  the 
leg,  reaching  almost  up  to  the  knee. 

The  colour  of  the  skin  is  purple-red  ;  in  the  plantar 
region  areas  of  hyperkeratosis  are  often  present ; 
sweating  is  diminished.  The  deformity  of  the  hanging 
foot  with  its  lowered  heel  and  raised  metatarsus  is 
generally  accompanied  by  stiffness  of  the  tibio-tarsal 
articulation,  which  renders  the  reduction  of  this  atti- 
tude difficult  or  impossible.  Hence  there  is  consider- 
able difficulty  in  walking,  and  the  wounded  men  are 
obliged  to  use  crutches. 

Motor  Disturbances. — No  movement  for  lowering 
the  foot  can  be  executed;  the  gastrocnemii  muscles 
are  absolutely  flabby,  and  the  tendo  Achillis  does  not 
stand  out. 

Frank  adduction  of  the  foot  (tibialis  posticus)  is 
impossible  ;  it  is  always  accompanied  by  elevation 
of  the  foot,  and  it  is  then  due  to  the  contraction  of 
the  tibialis  anticus. 

Flexion  (flexors  of  the  toes)  and  separation  of  the 
toes  (interossei)  are  abolished,  and  no  muscle  or  tendon 
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[moves  in  the  sole  of  the  foot.  Sometimes,  when  the 
movements  of  the  extensor  muscles  of  the  toes  are 
well  maintained,  there  is  a  semblance  of  flexion  of 
tthe  toes  analogous  to  the  phenomenon  which  we 
[observed  in  the  hand,  caused  by  the  sudden  relaxa- 
Stion  of  the  extensor  tendons  after  an  active  hyper- 
extension  of  the  first  phalanges. 

Finally,  when  the  fibres  of  the  nerve  have  been 
injured  within  the  great  sciatic  trunk,  in  the  gluteal 
region,  a  paralysis,  which  is  sometimes  complete,  of 
I  the  flexor  muscles  of  the  leg  may  be  observed. 

Electrical  Disturbances. — These  are  not  always  easy 
to  estimate  when  the  csdematous  infiltration  is  very 
considerable.  Generally  the  reaction  of  degenera- 
tion is  present  in  the  muscles  of  the  calf  and  of  the 
sole  of  the  foot. 

Reflex  Disturbances. — The  ankle-jerk  is  abolished  ; 
idiomuscular  contraction  is  often  exaggerated  at 
first,  but  it  soon  diminishes  in  intensity  and  becomes 
sluggish. 

Sensory  Disturbances. — The  disturbances  of  objective 
sensibility  occur  in  the  sole  of  the  foot  (except  on 
the  inner  border),  on  the  plantar  surface  of  the  toes, 
sometimes  also  on  the  dorsal  surface  of  their  last 
phalanx,  on  the  external  border  of  the  foot,  where 
they  encroach  more  or  less  on  the  dorsal  surface,  and 
in  the  calcaneal  region,  where  they  extend  above  the 
insertion  of  the  tendo  Achillis. 

Sensibility  of  bone  is  abolished  throughout  the  sole 
of  the  foot,  and  the  sense  of  position  is  diminished 
in  the  toes. 

Painful  phenomena  of  a  neuralgic  character  occur- 
ring in  the  calf  and  ankle,  or  definitely  causalgic 
localised  in  the  plantar  region,  are  very  frequent 
in  cases  of  incomplete  lesions  of  the  nerve,  as  we  have 
often  pointed  out. 

Trophic  Disturbances. — These  are  not  very  pro- 
nounced. The  nails,  as  in  total  lesions  of  the  sciatic 
nerve,  may  become  more  friable,  yellowish  or  livid. 
But  the  loss  of  the  nails,  the  bluish  colour  of  the 
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skin,  large  sloughs  or  gangrene  ending  in  partial 
amputation  of  one  or  several  toes,  are  hardly  ever 
met  with,  unless  an  arterial  lesion  is  associated  with 
the  nervous  lesion,  as  in  certain  wounds  in  the  pop- 
liteal space. 

Paralysis  of  the  Posterior  Tibial  Nerve. — When  the 
projectile  (buUet  or  shell  fragment)  has  penetrated 
the  calf,  a  lesion  of  the  posterior  tibial  nerve  may  be 
found  with  paralysis  of  all  the  muscles  of  the  sole 
of  the  foot,  or  dissociated  paralysis  of  the  internal 
plantar  muscles,  and  pain  of  a  causalgic  nature, 
profuse  sweating,  and  the  pink  colour  characteristic 
of  the  skin  in  the  sensory  area  of  this  branch  only. 

The  researches  of  Pierre  Marie,  Henry  Meige,  and 
Gosset  show  that  from  the  motor  point  of  view  the 
fibres  of  the  internal  popliteal  nerve  seem  to  be 
arranged  in  the  following  manner  :  in  the  postero- 
internal region  oi  the  trunk  the  fibres  of  the  flexors 
of  the  toes,  and  on  its  posterior  surface  those  of  the 
gastrocnemius  and  soleus.  The  fibres  of  the  tibialis 
posticus  appear  to  occupy  the  antero-internal  region. 

M.  and  Mme.  Dejerine  have  published  two  cases 
of  partial  paralysis  of  the  internal  popliteal  nerve, 
which  are  interesting  on  account  of  the  effort  made 
by  the  authors  to  localise  by  clinical  examination 
alone  the  position  of  the  motor  and  sensory  fibres  in 
the  interior  of  the  nerve-trunk. 

In  the  first  case  the  lesion  occupied  the  fifth  internal 
division  of  the  great  sciatic  nerve  in  the  gluteal  region. 
The  most  marked  disturbances  were  found  in  the  terri- 
tory of  the  external  saphenous  nerve  and  the  inter- 
osseous nerves.  The  nerves  to  the  gastrocnemius  and 
soleus  and  the  plantars  were  less  affected,  while  the 
other  branches  of  the  internal  popliteal  nerve  were 
almost  intact. 

In  the  second  case,  where  the  lesion  affected  the 
external  third  of  the  internal  popliteal  nerve  imme- 
diately below  its  origin,  the  paralysis  and  sensory 
disturbance  predominated  in  the  plantar  nerves  (parti- 
cularly in  the  superficial  branch  of  the  external  plantar 
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nerve),  the  calcaneous  branches,  the  flexor  nerves  of 
the  toes,  and  in  a  slighter  degree  in  the  nerve  to  the 
tibialis  posticus. 

The  nerves  to  the  gastrocnemius  and  soleus,  the 
deep  branch  of  the  external  plantar,  and  the  external 
saphenous  nerve  were  more  or  less  intact. 

From  these  two  cases  the  authors  draw  the  follow- 
ing conclusions  regarding  the  intra-truncal  nervous 
localisation : — 

The  internal  saphenous  nerve  seems  to  be  closely- 
connected  with  the  most  internal  part  of  the  sciatic 
nerve  both  in  the  gluteal  region  and  in  the  popliteal 
space.  Following  it  therefore  from  the  interior  to  the 
exterior,  the  different  fibres  may  be  localised  as 
follows  :  the  deep  branch  of  the  external  plantar 
nerve,  the  internal  plantar  nerve,  the  branch  to  the 
gastrocnemius  and  soleus,  the  nerve  to  the  tibialis 
posticus,  the  nerves  of  the  flexors,  the  superficial 
branch  of  the  external  plantar  nerve,  and  the 
calcaneous  branches. 


CHAPTER    X 

THE   LUMBO-SACRAL  PLEXUS 

In  the  lower  limb,  apart  from  the  great  sciatic  nerve, 
the  remaining  nerves  (anterior,  crural,  obturator,  etc.) 
are  very  rarely  affected.  We  shall  add  a  few  remarks 
on  this  subject  at  the  end  of  this  chapter. 

The  lumbar  and  the  sacral  plexus  are  also  rarely 
attacked  separately.  The  most  usual  occurrence 
is  a  bilateral  lesion  of  the  "lumbosacral"  plexus 
(lumbar  roots  and  sacral  roots),  in  consequence  of 
the  projectile  having  wounded  the  "  cauda  equina  "  ^ 
in  its  intra-spinal  course,  inside  or  outside  of  the 
dural  sac. 

As  a  matter  of  fact,  lesions  of  the  lumbar  and  sacral 
regions  seem  more  frequent,  and  in  all  cases  more 
often  accompanied  by  nervous  lesions  than  wounds 
of  the  anterior  and  internal  surface  of  the  4ihigh. 

ANATOMY 

The  lumbar  plexus  is  formed  by  the  collection  of  anastomotic 
loops  given  off  by  the  anterior  branches  of  the  first  three  lumbar 
nerves  and  a  part  of  the  fourth. 

The  rest  of  the  latter  imites  with  the  fifth,  takes  the  name  of 
the  lumbosacral  cord,  and  joins  the  sacral  roots  to  form  the  sacral 
plexus. 

The  sacral  plexus  results  from  the  fusion  of  the  lumbo-sacral 
cord  with  the  first  three  sacrals. 

The  pudendal  plexus  is  formed  of  nerves  derived  from  the  anterior 
branches  of  the  third  and  fourth  sacral  nerves. 

Unlike  the   brachial   plexus,   in  which  the   connections    of   the 

^  The  Cauda  equina  is  formed  by  the  last  lumbar  nerves  and  the 
sacral  nerves. 
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MUSCLES. 


I  Intercostal. 

Quadratus   lum- 
borum. 

External  and  in- 
ternal oblique. 
Tranversalis. 
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ROOTS. 
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primary  and  secondary  trunks  and  their  branches  constitute  a 
nervous  puzzle  which  it  is  necessary  to  describe,  the  arrangement 

of    the  lumbar  and  sacral 


Dn 


Diz 


Li 


U 


S^: 


S5 


Dl2 


\l 


.:S2\ 


roots  is  very  simple.  Plate 
VIII.  will  show  their  ana- 
tomy better  than  a  long 
description. 

Collateral  Branches  of  the 
Lumbar  Plexus. — (a)  Short 
branches. — 1.  Nerves  to  the 
quadratus   lumborum    (L^). 

2.  Nerves  to  the  psoas  (L^). 

3.  Nerves  to  the  psoas 
parvus. 

(6)  Long  Branches.  —  1. 
The  ilio-hypogastric  nerve 
(D^^  L^)  sends  a  deep 
cutaneous  branch  to  the 
skin  of  the  buttock,  and 
divides  (at  the  anterior 
part  of  the  iliac  crest) 
into  two  branches :  (a) 
abdominal,  for  the  muscles 
of  the  abdomen  and  the 
skin  of  that  region ;  (6) 
genital,  for  the  skin  of  the 
pubis  and  scrotum. 

2.  The  ilio-inguinal  (D^^ 
L^),  more  slender  than  the 
preceding,  to  which  it  is 
closely  related,  presents  an 
analogous  arrangement  and 
distribution. 

3.  The  genito-crural  nerve 
{JJ,  JJ)  is  divided  into  a 
genital  branch,  which  tra- 
verses the  whole  extent  of 
the  inguinal  canal  and  sup- 
plies the  skin  of  the  scro- 
tum, and  a  crural  branch 
for  the  skin  of  the  anterior 
and  superior  surface  of  the 
thigh. 

4.  The  external  cutaneous  {U,  L^)  leaves  the  pelvis  through  the 
unnamed  notch  between  the  anterior  and  inferior  iliac  spines.  Two 
fingers'  breadths  below  it  divides  into  a  gluteal  branch  for  the  skin 


(Anterior  aspect.)     (Posterior  aspect.) 
Fig.  78. — Sensory  radicular  distribution 
(after  Head.) 


of  the  lower  limb. 
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of  the  buttock,  and  a  femoral  branch  which  descends  to  the  knee, 
covering  with  its  ramifications  the  skin  of  the  antero- external 
region  of  the  thigh. 

Terminal  Branches  of  the  Lumbar  Plexus. — These  are  two  in 
number,  the  obturator  and  the  anterior  crural, 

I.  The  Obturator  Nerve  (L^,  L%  L*)  passes  into  the  pelvis  on  the 
inner  side  of  the  psoas  muscle,  crosses  the  sacro-iliac  articulation, 
and,  escaping  by  the  sub-pubic  groove,  reaches  the  antero-intemal 
part  of  the  hip. 

At  this  point  it  furnishes  a  collateral  branch  for  the  obturator 
externus  muscle,  and  divides  into  two  terminal  branches  : — 

{A)  A  superficial  branch,  which,  on  arriving  between  the  adductor 
longus  and  brevis,  ends  in  four  branches,  three  motor  ones  for  the 
gracilis,  adductor  longus,  and  adductor  brevis,  and  a  cutaneous  branch 
for  the  skin  of  the  supero-intemal  region  of  the  thigh. 

(jB)  a  deep  branch,  whose  principal  ramifications  are  motor,  and 
supply  the  adductor  magnus. 

II.  The  Anterior  Crural  Nerve  (LS  L^,  L*).— This,  the  largest 
nerve  of  the  lumbar  plexus,  first  passes  down  in  the  pelvis  under 
the  aponeurosis  of  the  ilio-psoas  in  the  groove  formed  between  the 
psoas  and  ihacus,  and  then  appears  under  Poupart's  ligament, 
immediately  external  to  the  femoral  vessels. 

At  this  point,  or  a  little  below  it,  the  anterior  crural  nerve  divides 
into  its  terminal  branches. 

The  anterior  crural  nerve  supplies,  as  collateral  branches,  motor 
filaments  to  the  psoas,  the  iliacus,  and  the  pectineus. 

The  terminal  branches  are  four  in  number  : — 

(a)  The  external  musculo- cutaneous  nerve,  the  most  external  branch 
of  the  superficial  division  of  the  anterior  crural,  furnishes  muscular 
branches  to  the  sartorius  and  cutaneous  branches  to  the  anterior 
region  of  the  thigh. 

(6)  The  internal  musculo- cutaneous  nerve  supplies  muscular 
branches  to  the  pectineus  and  the  adductor  longus,  and  cutaneous 
filaments  to  the  antero-intemal  region  of  the  thigh. 

(c)  The  nerve  to  the  quadriceps  femoris,  the  deepest  of  the  terminal 
branches  of  the  anterior  crural,  divides  into  four  branches  for  the 
four  divisions  of  the  muscle — the  rectus,  vastus  externus,  vastus 
internus,  and  crureus. 

{d)  The  internal  saphenous  nerve,  exclusively  sensory,  extends 
from  the  fold  of  the  groin  to  the  internal  border  of  the  foot.  It 
is  the  longest  branch  of  the  anterior  crural,  of  which  it  appears  to 
be  the  continuation.  Situated  at  its  commencement,  external  to 
the  sheath  of  the  femoral  vessels,  it  penetrates  the  sheath  at  about 
the  middle  third  of  the  thigh,  and  then  passes  directly  in  front 
of  the  femoral  artery,  in  the  same  compartment  with  it.     It  leaves 

r— 
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into  the  ring  of  the  adductor  brevis,  perforates  the  aponeurosis 
of  the  leg  near  the  internal  tuberosity  of  the  tibia,  becoming  sub- 
cutaneous in  relationship  with  the  internal  saphenous  vein,  and 
divides  into  its  two  terminal  branches. 

Among  its  collateral  branches  we  may  note  the  cutaneous  femoral 
branch,  which  begins  at  about  the  middle  of  the  thigh  and  is  distributed 
to  the  postero-intemal  region  of  the  thigh  and  knee,  and  the  cutaneous 
tibial  branch,  the  terminal  branches  of  which  supply  the  skin  of 
the  internal  region  of  the  calf. 

The  terminal  branches  are  two  in  number  : — 

1.  An  interior  or  patellar  branch  arises  at  about  the  level  of  the 
internal  condyle  of  the  femur  and  proceeds  towards  the  anterior 
surface  of  the  knee,  describing  a  curve  with  an  upper  concavity 
surrounding  the  inferior  extremity  of  the  patella.  It  supplies  the 
skin  covering  the  region  of  the  knee. 

2.  An  inferior  or  crural  branch  follows  the  same  course  as  the 
internal  saphenous  vein,  its  anterior  branch  supplying  the  internal 
border  of  the  foot,  and  its  posterior  branch  the  skin  over  the  internal 
malleolus. 

Sacral  Plexus. — ^The  sacral  plexus  is  formed  by  the  fusion  of  the 
anterior  branches  of  the  first  sacral  nerves  (S^,  S^,  S^,  S*)  joined  by 
the  lumbo-sacral  cord  (L*,  L^),  and  below  by  a  slender  branch  of 
the  fifth  sacral  nerve.  ^ 

The  sacral  plexus  as  a  whole  has  the  form  of  a  triangle,  the  base 
of  which  corresponds  to  the  anterior  surface  of  the  sacrum,  while 
its  apex  is  situated  a  little  above  the  spine  of  the  ischium. 

The  Great  Sciatic  Nerve,  which  is  derived  from  the  fourth  and 
fifth  lumbars  (through  the  medium  of  the  lumbo-sacral  trunk),  the 
first,  second,  and  third  sacral  nerves,  and  partly  from  the  fourth, 
comprises  thus  almost  the  whole  of  its  fibres,  and  constitutes  its 
only  terminal  branch. 

The  collateral  branches  of  the  sacral  plexus  are  ten  in  number. 
They  may  be  divided  into  anterior  or  intra-pelvic,  and  posterior  or 
extra-pelvic  branches. 

{A)  The  anterior  branches  are  five  in  number  : — 

1.  The  slender  visceral  branches  are  given  off  from  the  last  sacral 
nerves,  and  their  destination  is  the  pelvic  viscera,  the  bladder, 
rectum,  etc. 

2.  The  nerve  to  the  obturator  intemus  (L^  S^). 

3.  The  nerve  to  the  levator  ani  (S^,  S*). 

4.  The  hcemorrhoidal  or  anal  nerve  (S^,  S*),  which  supplies  the 
soft  parts  of  the  perineal  region  and  the  external  sphincter  of 
the  anus. 

5.  The  internal  pudic  nerve  (S^,  S^,  S*),  of  considerable  size,  divides 

1  Poirier-Charpy-Cun^o,  Abrege  (TAnatomie,  vol.  ii. 


THE  LUMBOSACRAL  PLEXUS  197 

into  two  terminal  branches — the  perineal  nerve  and  the  dorsal 
nerve  of  the  penis. 

(a)  The  perineal  nerve,  -which  supplies  the  greater  part  of  the 
muscles  of  the  perineum  and  the  skin  of  the  scrotum  in  man. 

(6)  The  dorsal  nerve  of  the  penis  supplies  the  striated  muscle  of 
the  urethra  and  the  skin  of  the  lateral  parts  of  the  penis. 

{B)  The  posterior  branches,  also  five  in  number,  are  more 
important ;  they  are  distributed  among  the  muscles  of  the  pelvic 
girdle  and  to  the  skin  of  the  posterior  surface  of  the  thigh. 

1.  The  nerve  to  the  pyramidalis  (S^,  S^). 

2.  The  nerve  to  the  gemellus  superior  (L^,  S^). 

3.  The  nerve  to  the  gemellus  inferior  and  quadratus  femoris  (L*, 

4.  The  superior  gluteal  nerve  (L^,  S^)  supplies  the  gluteus  medius, 
the  gluteus  minimus,  and  the  tensor  fascice  femoris. 

5.  The  inferior  gluteal  or  small  sciatic  nerve  (L^,  S^,  S^)  constitutes 
the  largest  collateral  branch  of  the  sacral  plexus. 

It  leaves  the  pelvis  below  the  pyramidalis  muscle,  with  the  great 
sciatic  nerve,  behind  which  it  is  placed,  and  of  which  it  seems  to 
be  the  accessory.  It  soon  divides  into  two  terminal  branches,  one 
muscular  and  the  other  cutaneous. 

(a)  The  muscular  branch  supplies  the  gluteus  maximus,  which 
it  penetrates  on  its  anterior  surface. 

(6)  The  cutaneous  branch  {posterior  cutaneous  nerve  of  the  thigh) 
descends  vertically  towards  the  posterior  surface  of  the  thigh,  and 
divides  in  the  popliteal  region  into  its  terminal  branches. 

The  posterior  cutaneous  nerve  is  sensory  ;  it  gives  off  the  follow- 
ing collateral  branches  : — 

(a)  Gluteal  branches  to  the  skin  of  the  gluteal  region. 

(6)  Perineal  or  genital  branches  to  the  femoro-perineal  fold, 
perineum,  and  the  scrotum. 

(c)  Femoral  branches  to  the  posterior  surface  of  the  thigh. 

Its  terminal  branches  are  distributed  to  the  posterior  and  superior 
surface  of  the  calf. 


PHYSIOLOGY  OF  THE  MUSCLES  OF  THE  HIP 

I.  Gluteus  maximus. — This  is  above  all  a  very  powerful  extensor 
of  the  thigh  on  the  pelvis,  and  vice  versa.  It  causes  outward  rota- 
tion of  the  thigh  without  force,  and  is  not  at  all  an  abductor. 

In  walking  on  flat  ground  and  standing  up  the  glutei  do  not  play 
the  important  part  that  has  been  attributed  to  them. 

A  man  in  whom  the  glutei  are  the  only  muscles  paralysed  can 
stand  without  fatigue  and  walk  without  apparent  lameness  on  a 
horizontal  surface. 

But  he  can  hardly  raise  himseK  if  he  is  seated,  and  he  has  the 
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greatest  difficulty  in  going  upstairs,  walking  on  rising  ground,  jump- 
ing, running,  etc. 

In  short,  the  principal  function  of  the  gluteus  maximus  muscle 
is  to  extend  the  thigh  powerfully  on  the  pelvis  and  the  pel\ds  on 
the  thigh  at  the  moment  when  they  are  flexed  on  one  another,  as  in 
going  upstairs. 

Clinically  the  weakness  of  this  muscle  can  be  realised  by  making 
the  patient  go  up  one  or  two  stairs  ;  the  observer  should  meanwhile 
carefully  palpate  the  muscles  to  note  its  contractions.  A  still  more 
simple  plan  is  to  make  the  patient  lie  flat  on  his  stomach  on  the 
bed  and  to  order  him  to  close  his  buttocks. 

The  muscle  of  the  affected  side  will  remain  flabby,  while  on  the 
sound  side  it  hardens  and  draws  nearer  the  median  line. 

2.  Gluteus  medius. — Contraction  of  the  whole  muscle  produces 
direct  abduction  of  the  thigh. 

Isolated  contraction  of  the  anterior  fibres  produces  internal 
rotation  with  abduction  and  slight  flexion,  and  that  of  the  posterior 
fibres  causes  external  rotation  with  abduction  and  extension. 

Having  its  fixed  point  on  the  femur,  it  plays  an  important  part 
in  the  fixation  of  the  pelvis,  especially  when  the  hip  is  flexed,  or 
second  stage  of  walking. 

In  cases  of  paralysis  of  the  gluteus  medius  and  of  the  gluteus 
minimus,  whose  functions  are  identical,  there  is  an  inclination  of  the 
pelvis  to  the  opposite  side  when  the  patient  stands  on  the  affected  limb. 

To  test  the  force  of  resistance  of  the  gluteus  medius,  which  is 
pre-eminently  the  abductor  muscle  of  the  thigh,  the  lower  limb 
which  is  being  examined  must  be  drawn  apart,  and  the  patient 
must  be  ordered  to  retain  this  position  and  to  oppose  any  move- 
ment which  would  tend  to  bring  the  two  thighs  together. 

3.  Gluteus  minimus. — This  muscle  has  the  same  actions  as  the 
gluteus  medius. 

4.  The  tensor  fascice  femoris  is  a  flexor  and  internal  rotator  of 
the  thigh.  It  also  makes  tense  the  external  part  of  the  femoral 
aponeurosis. 

5.  The  pyramidalis,  gemelli,  quadratus  femoris,  obturator  internum, 
and  obturator  externum,  also  called  pelvi-trochanteric  muscles,  are  all 
external  rotators  of  the  thigh,  and  in  this  respect  antagonists  of  the 
gluteus  medius  and  gluteus  minimus. 

To  test  their  power  of  resistance  the  lower  limb  must  be  placed 
in  external  rotation,  the  foot  pointing  outwards,  and  the  patient 
must  be  told  to  oppose  any  movement  which  would  tend  to  turn 
his  thigh  inwards. 

6.  Ilio-psoas. — The  ilio-psoas  muscle  powerfully  flexes  the  tliigh 
on  the  pelvis,  giving  it  at  the  same  time  a  slight  outward  rotation  ; 
while  the  tensor  fasciae  femoris,  another  flexor  of  the  thigh,  pro- 
duces an  inward  rotation. 
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The  power  of  resistance  of  the  ilio-psoas  is  explored  by- 
flexing  the  patient's  thigh  on  the  pelvis,  and  by  making  him 
oppose,  as  energetically  as  possible,  any  attempt  at  extension  of 
the  thigh. 

Examination  of  this  muscle  should  always  be  made  by  comparing 
it  with  the  sound  side,  and  the  doctor  should  feel  the  anterior  surface 
of  the  thigh  only  with  the  tips  of  his  fingers,  the  force  of  resistance 
of  the  flexors  of  the  thigh  being  normally  inferior  to  that  of  the 
extensors,  the  abductors,  or  the  adductors  of  this  part. 

7.  The  three  adductor  musdes  (adductor  magnus,  adductor  longus, 
and  adductor  brevis),  the  gracilis,  and  the  pectineus  are  the  adductor 
muscles  of  the  thigh — that  is  to  say,  they  draw  it  powerfully  towards 
the  axis  of  the  body. 

To  ascertain  their  power  of  resistance,  which  in  the  normal  state 
is  very  great,  the  patient  being  in  the  recumbent  position  should 
be  ordered  to  draw  the  thighs  forcibly  together,  while  the  observer, 
with  his  two  hands  between  the  patient's  thighs,  opposes  the  latter's 
effort  with  all  his  might. 

In  the  case  of  wounded  men  whose  adductors  are  atrophied, 
instead  of  the  leg  swinging  directly  from  behind  forwards  during 
the  second  part  of  the  walking  step,  it  is  moved  rather  obliquely 
outwards  and  forwards. 

8.  Quadriceps  femoris. — The  four  chief  parts  of  this  muscle  (rectus, 
vastus  externus,  vastus  intemus,  and  crureus)  by  contracting 
simultaneously  cause  extension  of  the  leg  on  the  thigh.  Their  action 
is  very  powerful. 

The  vastus  externus  and  vastus  intemus  parts,  when  they  are 
made  to  contract  separately  by  a  strong  faradic  current,  each 
extend  the  leg  on  the  thigh  by  drawing  the  patella  obliquely,  the 
former  outwards  and  upwards,  the  latter  inwards  and  upwards. 

During  their  simultaneous  contraction  the  patella  is  drawn 
directly  upwards.  The  power  of  extension  of  the  vastus  intemus  is 
greater  than  that  of  the  vastus  externus. 

The  gracilis,  besides  extending  the  leg,  causes  a  flexion  of  the 
thigh  on  the  pelvis. 

The  power  of  resistance  of  the  quadriceps  is  very  great  in  the 
normal  state.  To  ascertain  this  the  patient  should  be  ordered  to 
extend  the  leg  energetically,  and  to  oppose  all  efforts  at  flexion 
made  by  the  observer. 

9.  The  sartorius  flexes  the  leg  on  the  thigh  and  the  thigh  on  the 
pelvis.  It  concurs  with  the  other  muscles  in  the  movement  of 
swinging  from  behind  forwards  in  the  second  stage  of  walking. 

It  does  not  exert  any  movement  of  abduction  on  the  lower  limb, 
and  does  not,  as  has  been  wrongly  stated,  make  it  assume  the 
ordinary  attitude  of  the  tailor. 

To  sum  up,  flexion  of  the  thigh  on  the  pelvis  is  carried  out  by  the 
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ilio-psoas,  tensor  fasciae  femoris,  sartoriiLS,  and  gracilis,  the  first  being 
the  most  important. 

Extension  of  the  thigh  on  the  pelvis  is  the  work  of  the  gliUeiLS 
maximus. 

Abduction  of  the  thigh  is  due  to  the  glvieus  medius  and  gluteus 
minimus,  while  adduction  is  due  to  the  adductors,  pectineus,  and 
gracilis. 

External  rotation  of  the  thigh  is  executed  by  the  pel vi- trochanteric 
muscles,  and  inward  rotation  by  the  gluteus  medius  and  gluteus 
minimus. 

CLINICAL  STUDY 

Wounds  of  the  Cauda  equina  are  characterised  by 
the  fact  that  they  involve  the  roots  unequally  ;  para- 
lysis and  disturbance  of  sensibility  do  not  affect  both 
lower  limbs  in  the  same  way. 

Sphincter  troubles  are  frequent  ;  they  consist  in  a 
retention  of  faeces  and  of  urine,  which  is  soon  followed 
by  incontinence.  Disorders  of  defsecation  improve 
more  frequently  than  those  of  micturition,  which 
seldom  clear  up  entirely. 

Sphincter  disturbances  are  often  accompanied  by 
the  development  of  bedsores,  which  are  sometimes 
very  deep,  and  require  continual  care  in  order  to 
prevent  secondary  infections. 

One  element  in  the  clinical  aspect  of  wounds  in 
the  Cauda  equina  is  of  very  frequent  occurrence — 
that  is  pain.  Persistent  pain  develops  from  the  com- 
mencement, localised  generally  in  the  feet,  appearing 
also  at  the  level  of  the  knee  or  on  one  side  of  the  thigh 
or  the  leg  ;  stabbing  pain,  or  a  sensation  as  if  the 
bone  were  being  crushed  or  of  torture  with  red-hot 
tongs,  often  eliciting  moans  from  the  sufferers,  and 
exhausting  them  by  insomnia. 

In  moderate  cases  these  pains  assume  a  paroxysmal 
form,  and  are  affected  by  changes  of  temperature, 
especially  by  damp. 

In  serious  cases,  which  are  often  fatal,  the  pain 
becomes  an  atrocious  paroxysm,  during  which  the 
patient,  pale,  gaunt,  and  bent,  with  the  hands  behind 
the  neck,  constantly  demands  analgesic  cachets  or 
injections  of  morphia. 
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As  a  rule  wounds  of  this  nature  have  a  tendenc}^ 
to  subside  and  to  improve  spontaneously,  like  plexus 
wounds  of  the  arm. 

Their  variability  defies  any  general  description. 
But  by  bearing  in  mind  the  physiology  of  the  muscles 
and  their  radicular  topography,  the  passage  of  the 
projectile  and  radiographic  indications,  and  also  by 
making  a  methodical  investigation  of  the  motility  of 
each  segment  of  the  lower  limbs,  and  a  systematic 
examination  on  several  occasions  of  the  different 
forms  of  sensibility  of  the  whole  cutaneous  surface  of 
the  lower  limbs,  we  can  arrive  at  a  precise  diagnosis. 

We  append  below  a  very  concise  resume  of  two 
cases,  in  which  we  merely  relate  what  may  serve  to 
locate  the  lesion  : — 

Case  I.  Lesion  of  the  cauda   equina. — Jean   Ch ,   wounded 

whilst  lying  flat  by  a  shrapnel  bullet  which  penetrated  3  cm.  to  the 
right  of  the  spine  of  the  last  lumbar  vertebra. 

No  orifice  of  exit.  The  skiagram  showed  a  round  bullet  in  the 
space  between  the  first  lumbar  vertebra  and  the  second.  Immediate 
paralysis  of  both  lower  limbs,  pain  in  both  legs,  particularly  in 
the  left  foot,  with  retention  of  urine  and  faeces. 

Six  weeks  afterwards  the  paralysis  began  to  subside  in  the  right 
leg. 

Four  months  after  the  date  of  the  wound  all  the  movements  of 
the  right  side  are  normal,  but  the  power  of  resistance  in  general  is 
diminished  (the  flexors  of  the  leg,  the  gastrocnemius,  and  the  ex- 
tensors and  the  flexors  of  the  toes  are  weak). 

On  the  left  side  the  movements  of  the  thigh  (extension  on  the 
pelvis,  flexion,  abduction,  and  adduction)  take  place,  but  are  feeble  ; 
the  same  applies  to  the  extension  of  the  leg  on  the  thigh.  All 
other  movements  of  the  leg  and  foot  are  abolished. 

The  patient  cannot  support  himself  on  the  left  leg,  and  he  walks 
with  crutches. 

There  is  pronounced  atroph^S"-  of  the  muscles  of  the  thighs  and 
calves  (more  so  on  the  left  than  on  the  right). 

The  knee-  and  ankle- jerks  are  abolished. 

The  cremasteric,  abdominal,  and  anal  reflexes  are  present.  The 
plantar  reflex  is  abolished. 

Sensory  disturbances,  very  marked  on  the  left  side,  are  found 
on  the  anterior  aspect  of  the  limb  in  the  region  of  the  roots  L^, 
L*,  L^,  S^ ;  on  the  posterior  surface  they  occur  in  the  regions  L*, 
L^,  SS  S^,  S^,  S*,  S^     They  diminish  in  intensity  towards  the  root 
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of  the  limb.     On  the  right  side  they  only  consist  in  hypajsthesia, 
and  occupy  the  region  of  the  roots  L^,  S^  (fig.  79). 

The  sphincter  disturbances  have  improved.     Def  secation  is  normal, 
but  the  bladder  still  functions  very  badly.     The  retention  at  the 


Fig.  79. — Zones  of  sensory  disturbance  in  Case  I.     (Lesion  of 
the  Cauda  equina. ) 


onset  has  given  way  to  an  incontinence  which  is  very  slow  in  showing 
any  improvement. 

The  paroxysms  of  pain  have  slightly  diminished  in  intensity,  but 
they  occur  almost  as  frequently  as  at  first. 

To  sum  up,  the  wound  has  chiefly  involved  the  roots  L^,  L*,  L^, 
SS  S^,  S^,  S",  S^  on  the  left  side,  and  to  a  less  extent  the  roots  L*, 
S^  on  the  right. 

Case  U.— Radicular  paralysis  of  the  right  lumbar  plexus. — Charles 
B was  wounded  by  a  rifle  bullet,  which  entered  two  fingers' 
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breadths  above  the  upper  border  of  the  iliac  crest,  20  cm.  to  the 
right  of  the  vertebral  line,  and  was  not  extracted.  Radiography 
revealed  a  projectile  3  cm.  to  the  right  of  the  intervertebral  disc 
between  the  fourth  and  fifth  lumbar  vertebrae,  immediately  below 
the  upper  border  of  the  iliac  crest. 

Examination  of  the  segmentary  power  of  the  lower  limb  showed 
the  following  changes  : — 

Dorsal  extension  of  the  foot  is  slightly  diminished  (tibialis 
anticus). 

Flexion  and  extension  of  the  knee  and  flexion  and  extension  of 
the  hip  are  diminished. 

Abduction  of  the  thigh  is  slightly  and  adduction  greatly  diminished. 
The  gluteus  maximus  is  fairly  normal.  The  knee-jerk  is  abolished, 
and  the  ankle- jerk  is  normal. 

The  cremasteric  and  abdominal  reflexes  are  normal ;  the  plantar 
reflex  is  flexor  on  the  left,  wliile  on  the  right  it  is  abolished. 

There  is  slight  hypaesthesia  to  all  modes  of  sensation  on  the 
external  surface  of  the  thigh  and  on  the  inner  side  of  the  right 
leg. 

The  right  thigh  is  perceptibly  atrophied,  and  deep  palpation  is 
painful. 

Electro-diagnosis  shows  faradic  and  galvanic  hypoexcitability 
in  the  quadriceps,  adductors,  flexors  of  the  leg,  and  tibialis 
anticus. 

To  sum  up,  it  is  a  case  of  radicular  paralysis  of  the  lumbar  plexus, 
principally  involving  the  lumbar  roots  L^,  L^,  L^,  L*  just  where 
they  unite  to  form  the  two  terminal  trunks — the  anterior  crural 
nerve  and  the  obturator  nerve.     The  paresis  of  the  tibialis  anticus 

I  and  of  the  flexors  of  the  leg  indicate  a  real,  though  slighter,  injury 
to  the  lumbo-sacral  cord  (L*,  L^). 
I 


The  Anterior  Crural  Nerve 


When  the  projectile  strikes  the  actual  trunk  of  the 
anterior  crural  nerve  at  the  highest  part  of  the  thigh, 
below  Poupart's  ligament,  all  the  terminal  branches 
of  the  nerve  are  affected,  whence  results  paralysis, 
involving  not  only  the  quadriceps,  but  the  other 
muscles  supplied  by  the  anterior  crural  nerve.  The 
sensory   disturbances   affect    a  large    portion  of    the 

(anterior  surface  of  the  thigh  and  the  inner  surface 
of  the  leg.     The  knee-jerk  is  abolished. 
Owing  to  the  immediate  dispersion  of  the  terminal 
branches  of  the  anterior  crural  nerve  at  the  root  of 
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the  thigh,  a  projectile  traversing  the  muscles  of  the 
anterior  surface  of  this  segment  can  only  wound  one 
of  these  branches. 

Those  most  frequently  involved  are  the  nerve  to 
the  quadriceps  and  the  internal  saphenous  nerve. 

Lesions  of  the  Nerve  to  the  Quadriceps.— The  lesion 
of  the  nerve  to  the  quadriceps  involves  paralysis  of 
this  muscle,  and  inability  to  extend  the  leg  on  the 
thigh,  and  abolition  of  the  knee-jerk.  Walking  is 
extremely  difficult ;  the  knee  bends  at  each  step, 
particularly  going  downstairs. 

In  these  cases,  notwithstanding  the  healing  of  the 
nervous  lesion  and  the  return  of  voluntary  movement, 
lameness  lasts  a  long  time. 

This  persistent  impotence  of  the  knee,  as  Dr.  Henry 
Meige  has  shown,^  is  not  so  much  due  to  the  weakness 
of  the  extensor  muscles  of  the  leg  only  as  to  the  weak- 
ness and  the  distension  of  the  aponeurotic  coverings 
of  the  knee. 

Attentive  inspection  of  the  affected  thigh  in  com- 
parison with  the  sound  side  will  make  these  differences 
of  structure  perceptible,  for  "if  the  shape  of  the 
limb  is  almost  normal  at  the  upper  and  middle  portion 
of  the  thigh,  it  is  not  the  same  at  the  lower  part  and 
all  round  the  knee.  The  latter  is  increased  in  size, 
and  is  sometimes  redder  and  colder,  but  the  most 
striking  feature  is  that  one  cannot  distinguish  either 
flat  parts  or  those  in  rehef  which  appear  normally 
when  the  quadriceps  is  contracted.  It  is  obvious  that 
the  contraction  of  this  muscle  is  not  accompanied  by 
tension  of  the  aponeurotic  coverings  of  the  knee,  as  is 
found  in  the  healthy  state.  Similarly  in  the  lower 
part  of  the  thigh,  one  cannot  distinguish  during  con- 
traction the  compression  of  the  vastus  internus  by 
that  thickening  of  the  femoral  aponeurosis  to  which 
Paul  Richer  has  given  the  name  of  fascia  of  the 
vast!"  (H.  Meige). 

Lesions  of  the  Internal  Saphenous. — The  internal 

^  Henry  Meige,  "De  certaines  boiteries  observes  chez    *les  blesses 
nerveux,'  "  Bev.  Neurolog.,  Nov.-Dec.  1915,  p.  944. 
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saphenous,  a  purely  sensory  nerve,  is  more  often 
involved  than  the  other  terminal  branches  of  the 
anterior  crural,  although  lesions  of  this  nerve  are  far 
from  common.  Most  frequently  the  projectile  injures 
the  nerve  in  Hunter's  canal,  wounding  the  femoral 
vessels  at  the  same  time.  Vascular  changes  are  then 
added  to  the  nervous  symptoms,  and*  consist  in  purple 
colouration,  coldness,  and  sometimes  oedema  of  the 
foot  and  leg. 

The  lesion  of  the  internal  saphenous  nerve  is 
shown  clinically  by  sensory,  subjective,  and  objective 
disturbances. 

The  subjective  disturbances  consist  in  very  sharp 

pain,  sometimes  piercing,  occurring  on  the  inner  sur- 

,  face   of  the   leg,   the   neighbourhood   of  the   patella, 

the  internal  malleolar  region,  and  the  inner  margin 

of  the  foot. 

The  pain,  which  is  very  intense  in  the-  earlier 
weeks,  grows  rapidly  less  as  time  goes  on. 

The  objective  troubles  consist  in  more  or  less  marked 
hypaesthesia  to  a  superficial  touch  and  to  heat  and 
cold,  with  occasional  hyperaesthesia  to  pricking.  They 
are  found  on  the  inner  surface,  extending  over  the 
shin  to  the  outer  surface,  and  on  the  inner  margin 
of  the  foot. 

The  Genito -crural  Nerve 

Only  one  case  of  a  wound  to  this  nerve  has  been 
published  by  Andre  Leri  and  J.  Dagnan  Bouveret.^ 

The  lesion,  due  to  a  bullet  having  penetrated  the 
lumbar  region,  was  manifested  clinically,  according 
to  these  authors,  by  the  following  symptoms  :  sharp 
pain  in  the  inguinal  region  at  the  right  side  of  the 
scrotum  radiating  to  the  right  thigh,  retention  of  urine 
soon  followed  by  painful  micturition,  and  complete 
ansesthesia  in  the  upper  part  of  the  right  thigh  and 
in  the  external  iliac  fossa  of  the  same  side. 


I 


1  A.  Leri  and  J.  Dagnan-Bouveret,  Soc.  de  Neurol.,  May  6, 1915.     Bev. 
Neurolog.,  July  1915,  p.  571. 
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The  External  Cutaneous,  Ilio -hypogastric, 

AND    IlIO-INGUINAL  NeRVES 

Lesions  of  the  external  cutaneous  nerve  may  be 
shown  by  neuralgia  of  a  causalgic  type  accompanied 
by  smarting  (Claude). 

A  wound  involving  the  motor  filaments  of  the  ilio- 
hypogastric and  ilio -inguinal  nerves  or  their  actual 
trunks  in  the  lumbar  region  may  give  rise  to  partial 
paralysis  of  the  abdominal  muscles,  with  segmentary 
distension  of  the  abdominal  wall,  simulating  a  tumour 
(Ch.  Walther). 

The  Pudic  Nerve 

A  lesion  of  this  nerve,  according  to  Leri,  who  has 
published  an  account  of  a  case,^  is  attended  by  the 
following  symptoms  :  painful  sensations,  difficulty 
and  burning  pain  in  micturition  and  defsecation, 
partial  incontinence  or  at  least  difficulty  in  retaining 
the  urine  and  fgeces,  pain  in  the  anus,  perineum,  and 
one  side  of  the  penis,  semi-erection  on  micturition, 
and  flaccidit}^  followed  by  contracture  of  the  dartos. 

Small  Sciatic  Nerve 

Lesions  of  the  small  sciatic  nerve  cause  a  diminution 
of  sensibility  in  the  skin  of  the  posterior  surface  of 
the  thigh  and  calf.  Sometimes,  on  the  contrary,  these 
lesions  are  accompanied  by  painful  hyperaesthesia  in 
the  same  region,  as  well  as  in  the  perineo-scrotal 
region  of  the  small  sciatic  nerve  (M.  and  Mme.  Dejerine). 

Table  II. — Showing  Motor  Distribution  of  the  Nerves 

of  the  Lumbar  and  Sacral  Plexuses.^ 
Roots.  Nerves.  Muscles. 

f  Nerve  of  the  .         .       Quadratus  lumborum. 

Ilio-hypogastric  and  ilio-    f  Rectus  abdominis. 

inguinal     .         .         .   -[  External  and  internal  oblique. 
Genito-crural         .         .    I.  Transversalis,  pyramidalis. 
V  Anterior  crural      .         .       Ilio-psoas. 

1  Andre  Leri  and  :fidouard  Roger,  Soc.  de  Neurol,  July  1,  1916. 
^  Poirier  and  Charpy,  vol.  iii. 
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Roots. 


L* 


U 


L* 


Ifi 


Nerves. 

Hio-hypogastric  and  ilio- 
inguinal    . 
Genito-crural 

Nerve  to  the 

Anterior  crural 


Obturator      . 
I  Nerve  to  the 

Anterior  crural 

Obturator     . 

'  Anterior  crural 
Obturator     . 

Superior  gluteal     . 
Nerve  to  the 

Great  sciatic  nerve 

External  popliteal 

Nerve  to  the 
[^  (Inferior  gluteal)   . 

Nerves  to  the 

Superior  gluteal    . 
Inferior  gluteal 
Great  sciatic  nerve 


Muscles. 
/  Rectus  abdominis. 

1'   External  and  internal  oblique. 
Transversalis,  pyramidalis. 
Cremaster. 
Psoas. 
/  Pectineus. 
\  Sartorius. 
[  Pectineus. 

J  Adductor  longus  and  adductor 
I       brevis. 
I  Gracilis. 
(Quadratus  lumborum.) 

/  Ilio-psoas. 
I  Sartorius. 
j  Quadriceps. 
\  Pectineus. 

{Obturator  extemus. 
Gracilis. 
The  three  adductors. 

Quadriceps  (ilio-psoas). 

{Obturator  extemus. 
Gracilis. 
Adductor  magnus  and  adductor 
brevis. 
/  Gluteus  medius  and  minimus. 
\  Tensor  fasciae  femoris. 

Quadratus  femoris. 
(  Semi-membranosus  (muscles  of 
-j       the   posterior  region    of   the 
I      thigh). 

{Muscles  of  the  antero-extemal 
region   of   the  leg,   extensor 
brevis  digitorum. 
(Obturator  intemus.) 
(Gluteus  maximus.) 

(  Quadratus  femoris. 
J  Gemelli. 

I.  Obturator  intemus. 
r  Gluteus  medius  and  minimus. 
\  Tensor  fasciae  femoris. 

Gluteus  maximus. 
(  Adductor  magnus. 
\  Posterior  muscles  of  the  thigh. 
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Roots.  Nerves. 


External  popliteal  and 
L^     -'       internal  popliteal 


^  (Anterior  crural)   . 
Nerves  to  the 


Superior  gluteal    . 

S^     •'  Inferior  gluteal 

Great  sciatic  nerve 

External    popliteal,    in 
temal  popliteal . 

Nerves  to  the 

Inferior  gluteal 
Great  sciatic  nerve 

Internal  popliteal . 

,  Internal  pudic 

'  Superior  gluteal    . 

External  popliteal 

Internal  popliteal 

Great  sciatic  nerve 
Internal  pudic 

S*     ■{  Nerves  to  the 

Internal  popliteal 

f  Internal  pudic 

S^     -I 

1  Nerves  to  the 

S«         Coccygeus  nerve 


Muscles. 

I  Muscles  of  the  leg  (except  the 
gastrocnemius  and  soleus). 
Muscles    of    the    sole    of    the 
foot. 
Extensor  brevis  digitorum. 
(Quadriceps.) 

r  Obturator  intemus. 
J  Gemelli. 

t  Quadratus  f emoris,  pyramidalis. 
j  Gluteus  medius  and  minimus. 
\  Tensor  fasciae  f emoris. 

Gluteus  maximus. 
/  Posterior  muscles  of  the  thigh 
\      (adductor  magnus). 

V  Muscles  of  the  leg  and  foot. 

/  Pyramidalis. 

\  Obturator  intemus. 

Gluteus  maximus. 

Biceps,  semitendinosus. 
f  Gastrocnemius  and  soleus. 
4  Flexor  longus  hallucis. 
I  External  muscles  of  the  foot. 

Muscles  of  the  perineum. 

/  Gluteus  medius  and  minimus. 
1  Tensor  fasciae  femoris. 
f  Muscles  of  the  anterior  region 
i      of  the  leg. 

V  Peronei. 

f  Tibialis  posticus. 

\  Flexor  longus  digitorum. 

Long  head  of  biceps. 
Muscles  of  the  perineum. 
r  Pyramidalis. 
-I  Levator  ani. 
t  ischio-coccygeus. 
J  Gastrocnemius  and  soleus. 
\  Muscles  of  the  sole  of  the  foot. 

Muscles  of  the  perineum. 
J  Levator  ani. 
\  Ischio-coccygeus. 

Coccygeus. 


CHAPTER  XI 


■   LESIONS    OF   THE   PERIPHERAL   NERVES 

^^KThe  vasomotor,  trophic,  secretory,  and  other  disturb- 

I^Eances  which  we  are  about  to  describe  were  considered 

by  writers  before  the  war  to  be  inevitable  results  of 

sections  or  serious  lesions  of  the  mixed  nerves  of  the 

limbs. 

But  from  the  date  of  our  earliest  examinations  of 
the  wounded,  with  Dr  Henry  Meige,  we  observed 
that  these  symptoms  appeared  only  in  certain  cases 
of  nerve  wounds,  and  we  set  about  investigating  their 
determining  factor.^ 

We  found  that  these  symptoms  occur  only  in  cases 
where  there  is  an  arterial  lesion  in  addition  to  the 
wound  of  the  nerve. 

In  every  case,  therefore,  in  which  a  nervous  lesion 
is  accompanied  by  a  reddish-purple  or  blue-black 
colour  of  the  skin  of  the  hand  or  the  foot,  with  a  glossy, 
tense  condition  of  the  skin,  a  succulent  and  infiltrated 
appearance,  with  considerable  trophic  disturbances  in 
the  nails,  fingers,  and  toes,  ending  in  loss  of  substance, 
injury  to  a  great  arterial  trunk  is  to  be  suspected,  and 
it  is  necessary  to  examine  not  only  the  nerves,  but 
also  the  vessels  of  the  limbs. 

1  Henry  Meige  and  Mme.  Athanassio-Benisty,  "De  I'importance  des 
16sions  vasculaires  associees  aiix  lesions  des  nerfs  p^ripheriques  dans  lea 
blessures  des  membres,"  Soc.  Med.  des  H6p.,  March  12,  1915,  and 
June  28,  1915.     Soc.  de  Neurol.,  November  1915. 

Henry  Meige  and  Mme.  Athanassio-Benisty,  "  Les  signes  cliniques  des 
lesions  de  I'appareil  sympathique  et  de  I'appareil  vasculaire  dans  les 
blessures  des  membres,"  Presse  medicale,  April  6,  1916. 
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What  means  do  we  possess  of  investigating  and 
affirming  the  existence  of  an  arterial  lesion  ?  They 
are  as  f oUows  : — 

(1)  Examination  of  the  radial  pulse,  and  as  far  as 
possible  of  the  ulnar  and  dorsalis  pedis  pulses,  and 
the  pulse  of  the  posterior  tibial  artery,  in  comparison 
with  the  sound  side.  In  this  way  one  can  often  find 
out  the  weakness  or  absence  of  the  pulse  on  the 
injured  side. 

(2)  History  of  the  case. — The  wounded  man  will 
nearly  always  tell  you  that  he  bled  profusely  when 
he  was  hit  ;  that  he  lost  consciousness  ;  that  the 
limb  had  to  be  tightly  tied  above  the  wound  either 
with  a  dressing,  a  piece  of  string,  a  tie,  or  a  tourniquet. 
He  will  tell  you  that  in  the  following  days  he  had 
secondary  haemorrhages  necessitating  more  tight  band- 
agings  or  strappings,  which  sometimes  remained  on 
a  verj^  long  time  ;  the  extremity  of  the  limb  (hand 
or  foot)  became  swollen,  blackish,  and  cold.  Or  an 
artery  may  have  had  to  be  tied,  or  an  arterio- venous 
aneurysm  resected. 

(3)  Investigation  of  the  arterial  pressure  by  Pachon's 
sphygmomanometer. — There  is  usually  a  considerable 
fall  in  the  maximum  tension,  with  oscillations  of 
weaker  amplitude  in  comparison  with  the  sound  side. 
Most  frequently  there  is  a  fall  of  several  degrees  in 
the  maximum  pressure,  with  oscillations  which  are 
at  first  feeble,  and  afterwards  fairly  large,  and 
minimum  pressure  equal  to  that  on  the  opposite  side. 
In  serious  cases  (destruction  of  the  artery  with  defect 
in  the  collateral  circulation)  we  find  a  great  diminution 
of  the  maximum  pressure  ;  the  oscillations  are  very 
small,  hardly  perceptible,  and  they  remain  so  even 
until  the  armlet  completely  collapses,  sometimes  with 
interruptions  of  two  or  three  seconds,  after  which 
the  apparatus  registers  again.  We  have  observed, 
but  more  rarely,  with  a  lowered  maximum  pressure 
and  normal  oscillations  of  amplitude,  a  minimum 
pressure  slightly  above  that  of  the  opposite  side. 

(4)  Confirmation  of  the  diagnosis  by  operation. — If 
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in  the  course  of  an  operation  for  a  wound  to  a  nerve 
you  meet  with  a  diffuse  sclerotic  process  from  which 
there  is  free  haemorrhage,  making  the  different  layers 
of  the  external  integument  adhere  to  the  deeper  layers, 
you  may  be  certain  that  there  is  a  vascular  lesion, 
and  a  serious  one.  In  fact  in  these  cases  the  surgeon, 
when  he  reaches  the  collection  of  vessels  and  nerves, 
will  find  a  complete  obliteration  of  the  arterial  trunk, 
or  else  total  absence  of  the  artery,  which  has  been 
destroyed  at  the  site  of  the  lesion,  and  consisting, 
above  the  wound,  of  nothing  but  a  flattened  tube  ; 
in  less  serious  cases  he  will  meet  with  arterial  stenosis, 
from  compression  by  a  fibrous  band,  a  swollen  nerve, 
a  callus,  or  a  ligature.  In  rarer  cases  there  may  be 
an  arterio -venous  aneurysm,  of  which  the  physical 
signs  are  very  apparent,  but  which  may  escape  notice 
before  the  operation  by  their  localisation  (in  the  axilla 
or  supra -clavicular  fossa). 

This  method  confirms  the  diagnosis  in  cases  where 
the  vasomotor,  trophic,  and  secretory  disturbances  are 
slight,  and  where  the  direct  examination  of  the  pulse 
and  arterial  pressure  are  negative  in  consequence  of 
the  re -establishment  of  the  collateral  circulation  with 
sufficient  compensation. 

The  disturbances  arising  from  associated  lesions  of 
the  blood-vessels  and  nerves  may  be  classified  under 
four  heads : — 


> 


(1)  Trophic  disturbances. 

(2)  Vasomotor  disturbances. 

(3)  Secretory  disturbances. 

(4)  Sensory  disturbances. 


I.  Trophic  Disturbances  may  involve  all  the  tissues. 
Proceeding  from  the  surface  to  the  interior : — 

A. — The  Skin  may  present  various  but  character- 
istic signs  of  degeneration. 

(a)  Sometimes  it  is  fine,  smooth,  shiny,  and  tense, 
bluish  or  purple-red  in  colour,  recalling  the  "  glossy 
skin"  described  bj^  Paget.     The  fingers  then  have  a 
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slightly  succulent  or  oedematous  appearance,  especi- 
ally at  the  tips. 

(b)  In  other  cases  the  skin  is  dry,  rough,  and  scaly, 
with  an  ichthyotic  or  squamous  appearance.  Under 
these  scales  a  purplish,  dry,  sometimes  wrinkled  and 
contracted  skin  can  be  perceived.  The  finger-tips 
are  pointed  as  in  sclerodermia,  and  the  skin  swells 
up  round  the  nails. 

(c)  The  skin  may  only  be  shrivelled,  with  more 
indurated  parts  forming  callosities,  but  its  colouring 
is  always  purplish-red  or  bluish. 

Owing  to  the  improvement  of  its  nutrition  and 
nerve  supply  the  sJan  is  liable  to  develop  two  sorts 
of  complications — nameh^,  ulcerations  and  eruptions. 

Ulcerations  are  frequent.  They  occur  chiefly  at 
the  end  of  the  fingers,  the  inner  side  of  the  hand,  and 
at  the  radial  side  of  the  index  finger.  In  the  foot 
they  are  situated  at  the  extremity  of  the  toes.  As 
a  result  of  a  very  slight  excoriation,  sometimes  even 
without  the  patient  being  able  to  recall  any  exciting 
cause,  blisters  form  which  very  soon  burst  and  sup- 
purate. ViHien  these  ulcerations  are  seated  at  the 
ends  of  the  fingers  they  encroach  upon  the  nail,  and 
in  spite  of  the  care  taken  tO  dress  and  protect  them 
properly  they  take  a  very  long  time  to  heal,  and  leave 
behind  them  retractile  scars. 

In  other  cases,  when  they  occur  on  the  outer  border 
of  the  index  finger  in  the  fold  of  joints,  these  ulcers 
have  the  appearance  of  cracks  with  a  red  floor  and 
thick,  indurated  edges. 

More  rarely,  in  very  serious  cases,  there  is  an  actual 
gangrene  of  the  extremities,  localised  to  one  or  several 
fingers,  encroaching  upon  the  third  phalanx,  and  even 
the  second  phalanx,  and  ending  in  real  mutilations, 
as  in  what  is  known  now  as  Raynaud's  disease. 

Eruptions  are  of  more  rare  occurrence.  They  are 
often  eczematous.  We  have  seen  a  very  fine  example 
of  an  eruption  with  large  scales  on  a  finger  following 
a  wound  of  the  superficial  palmar  arch. 

B. — The  Nails,  etc. — The  nails  may  present  very 
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varied  changes  and  deformities.  They  are  found  to 
be  uneven,  patchy,  or  formed  of  two  pieces,  one  of 
which  is  near  the  base  and  the  other  near  the  tip, 
joined  by  an  irregular  tract ;  these  two  fragments 
have  often  a  different  thickness,  substance,  and 
colouring.  Loss  of  one  or  of  several  nails  is  frequent ; 
they  are  replaced  by  a  crust,  a  shapeless  mass  of 
horny,  thick,  whitish  tissue  without  elasticity.  In 
other  cases  the  nail  is  bluish,  and  invaded  by  the 
ulcerations  already  described. 

The  hair  grows  more  slowly.  The  areas  with  a  poor 
blood-supply  nearly  always  present  a  less  abundant 
pilous  system  than  that  of  the  healthy  side. 

C. — The  Subcutaneous  Cellular  Tissue  may 
sometimes  be  affected  with  oedema,  due  to  a  concomi- 
tant venous  lesion.  But  what  is  more  characteristic 
is  the  presence  of  a  sort  of  subdermic,  hard,  elastic 
infiltration,  having  nothing  in  common  wdth  oedema, 
but  with  some  resemblance  to  chronic  trophoedema. 
There  has  to  be  prolonged  pressure  of  the  finger  to 
produce  even  a  slight  pitting. 

This  subcutaneous  thickening  gives  a  special  con- 
sistency to  the  extremities  :  the  hand  or  the  foot  seem 
"padded." 

Perhaps  this  infiltration  is  not  altogether  unrelated 
to  a  concomitant  lesion  of  the  lymphatic  trunks  which 
run  pai^allel  to  the  vessels,  but  we  possess  no  means  of 
confirming  this. 

D. — The  Muscles. — The  muscular  tissue  undergoes 
a  degeneration  of  fibrous  or  fibro- sclerotic  appearance  ; 
it  becomes  whitish,  and  as  hard  as  wood.  The 
sclerotic  process  passes  from  the  superficial  layers 
right  through  the  muscle  and  down  to  the  bone. 
This  induration  of  the  body  of  the  muscle  ends  in 
the  retraction  of  its  tendon  ;  thus  degeneration  of 
the  biceps  may  cause  retraction  of  its  tendons  and 
ankylosis  of  the  elbow.  This  woody  consistency  to 
the  touch  most  frequently  develops  in  the  flexors  of 
the  fingers,  with  permanent  flexion  of  the  second  and 
third  phalanges.     The  hand  then  assumes  the  typical 
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appearance  observed  in  Volkmann's  contracture,  a 
deformity  due,  as  we  know,  to  a  muscular  lesion  from 
ischsemia  following  compression  or  the  prolonged 
enclosure  of  the  limb  in  a  plaster  apparatus. 

Besides  these  classical  deformities  we  have  observed 
in  two  cases  a  retraction  of  the  interosseous  muscles  of 
the  hand,  shown  by  a  permanent  flexion  of  the  first 
phalanx,  an  extension  of  the  two  others,  and  such  a 
forcible  adduction  of  the  fingers 
that  they  overlapped  (fig.  80).  In 
these  two  cases  the  nerves  of  the 
forearm,  the  ulnar  in  one  patient 
and  the  median  and  ulnar  in  the 
other,  had  been  slightly  affected. 
But  the  history  in  the  one  case 
(haemorrhage  and  constricting  band) 
and  verification  in  the  course  of  the 
operation  in  the  other,  demonstrated 
that  there  was  total  destruction  of 
the  ulnar  artery,  a  lesion  which,  in 
our  opinion,  brought  about  ischaemic 
retraction  of  the  interossei. 

E.— The  Articulations. — These 
do  not  escape  the  disturbance  caused 
by  vascular  lesions.  Ankylosis  of 
the  wrist  and  stiffness  of  the  fingers 
develop  early.  Besides  retraction 
of  the  tendons,  which  are  active 
ligaments,  the  vascular  defect  seems  to  act  directly  on 
the  capsule  and  on  the  soft  parts  of  the  articulations. 

F. — The  Bones. — Changes  also  occur  in  the  bones. 
We  have  twice  seen,  in  cases  of  serious  lesion  of  the 
ulnar  artery,  a  hyper  extension  of  the  articulations  of 
the  fingers,  with  deformity  of  the  last  phalanges  re- 
sembling chronic  rheumatism. 

II.  Vasomotor  Disturbances. — These  are  the  most 
characteristic  disturbances,  and  lead  us  to  suspect 
that  an  arterial  wound  is  present  in  addition  to  the 
lesion  of  the  nerve.  When  they  are  very  pronounced 
the  skin  takes  on  a  reddish-purple  tint,  as  if  it  had 


Fig.  80. — Retraction 
of  the  interosseous 
muscles  following  a 
serious  lesion  of  the 
ulnar  artery  at  the 
middle  third  of  the 
forearm. 
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been  exposed  to  the  cold  for  a  long  time,  or  else  it  is 
bluish-black  in  colour,  and  in  the  latter  case  it  is 
accompanied  by  that  succulent  appearance  already 
mentioned.  The  least  puncture  in  that  case,  such  as 
the  pin-prick  one  gives  in  testing  sensibility,  makes 
the  blood  gush  out. 

Sometimes  these  vasomotor  disturbances  are 
generalised  in  the  hand  or  foot ;  in  other  cases  they 
are  localised  in  one  or  in  several  fingers  (very  often 
the  index  finger,  at  other  times  in  the  three  last),  and 
they  are  then  still  more  noticeable. 

In  other  cases,  particularly  in  those  where  vascular 
obliteration  is  compensated  by  collateral  circulation, 
the  vasomotor  troubles  are  less  pronounced,  and  con- 
sist only  in  a  reddish  tint  of  the  skin  of  the  whole 
extremity  of  the  limb  ;  but  from  time  to  time  the 
patient  passes  through  real  attacks  of  asphyxia  of  the 
extremities. 

The  local  temperature  is  always  lowered,  sometimes 
several  degrees,  in  comparison  with  the  healthy  side. 
The  hand  and  the  fingers  are  cold,  whatever  the  ex- 
ternal temperature  may  be. 

III.  Secretory  Disturbances. — These  are  very  im- 
portant to  remember.  In  all  the  cases  that  we  have 
met  with  they  were  evidenced  by  a  diminution  or  a 
complete  abolition  of  sweating  throughout  the  region 
affected  by  vasomotor,  caloric,  and  trophic  changes. 

IV.  Sensory  Disturbances. — The  sensory  disturb- 
ances must  be  divided  into  two  classes,  subjective  and 
objective. 

(a)  The  first  consist  in  painful  phenomena. 

In  serious  lesions,  with  marked  vasomotor  and 
trophic  symptoms,  the  element  of  pain  does  not  exist, 
or  is  confined  to  aching  and  neuralgia  in  the  ankylosed 
joints  and  in  the  upper  insertions  of  the  retracted 
muscles  (coracoid  process,  when  there  is  sclerosis  of  the 
biceps  and  internal  epicondyle  in  the  case  of  retrac- 
tion of  the  flexor  tendons).  There  is  no  pain  either 
in  the  hand  or  foot.  As  we  mentioned  in  considering 
the  painful  form  of  lesions  of  the  median  nerve,  there 
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is  a  marked  contrast  between  the  vascular  hands,  which 
are  cold,  blue  or  purple-red,  with  shiny  or  squamous 
skin,  and  insensible  both  subjectively  and  objectively, 
and  the  "  painful  median  "  hand,  which  is  emaciated, 
tremulous,  hot,  pink,  spontaneously  painful,  reacting 
so  violently  to  external  impressions,  and  appearing  to 
be  in  a  state  of  perpetual  combustion. 

The  less  serious  vascular  disturbances  (stenosis)  or 
arterial  ligatures  are  often  accompanied  by  pain. 
This  pain  is  sometimes  of  a  neuralgic  character,  being 
localised  near  the  joints  or  in  one  side  of  the  limb ;  it 
may  folio  w  the  track  of  a  nerve,  bearing  a  certain  resem- 
blance to  the  pain  of  obliterative  arteritis,  particularly 
that  which  accompanies  senile  gangrene.  But  more 
frequently  it  settles  in  the  hand  and  takes  on  a  caus- 
algic  character,  with  the  following  important  dif- 
ferences :  these  painful  phenomena  are  less  intense 
and  less  lasting  than  in  the  causalgia  of  the  median 
nerve.  The  vasomotor  as  well  as  the  secretory  and 
trophic  disturbances  that  accompany  them  are  of  a 
special  kind,  and  do  not  give  the  "  vascular  "  hand 
the  peculiar  appearance  of  the  "  painful  median " 
hand. 

The  localisation  of  these  pains  is  also  less  definite 
and  restricted  :  sometimes  they  affect  the  entire  hand, 
sometimes  its  external  side  (the  median  and  radial 
region),  with  a  tendency  to  the  same  segmentary  dis- 
tribution that  we  shall  observe  in  studying  objective 
sensibility. 

To  explain  the  nature  and  the  etiology  of  these 
pains,  the  hypothesis  of  an  inflammation  of  the  peri- 
arterial sympathetic  plexus  has  been  formed  ^ — a 
quite  probable  hypothesis,  and  in  accordance  with 
the  fact  that  the  painful  forms  of  vascular  lesions 
observed  by  us  were  merely  due  to  arterial  compres- 
sion or  ligature. 

Nevertheless,  in  the  course  of  some  operations  (four) 
for  painful  involvement  of  the  median  nerve,  with 
vascular    disturbances    following    ligatures,    we    had 

^  M.  Leriche,  loc.  cit. 
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occasion  to  find  that  sometimes  the  median  only,  and 
sometimes  the  median  and  the  ulnar,  had  been  lace- 
rated at  the  time  of  the  ligature. 

If,  in  addition,  we  consider  the  inflammation  and 
diffuse  sclerosis  caused  by  arterial  lesions,  the  question 
arises  as  to  whether  the  pain  appearing  in  the  course 
of  vascular  lesions  is  not  due  to  irritation  of  the  peri- 
phery of  the  nerve,  as  happens  in  painful  lesions  of  the 
median  and  of  the  sciatic  nerves.  As  a  matter  of  fsict, 
we  have  never  encountered  this  pain  without  an  asso- 
ciated lesion  of  the  median  or  the  sciatic  nerve. 

(b)  The  disturbance  of  objective  sensibility  consists 
in  complete,  extensive  anaesthesia  of  segmentary  type, 
with  constantly  changing  localisation,  and  bearing  no 
relation  to  the  peripheral  distribution  of  the  nerve 
filaments.  This  anaesthesia  sometimes  occupies  the 
extremity  of  all  the  fingers,  sometimes  the  whole  of 
the  three  last  fingers  or  all  the  index  finger,  or  the 
entire  hand  or  foot.  It  affects  the  regions  where  the 
vasomotor,  caloric,  and  trophic  disturbances  are  very 
marked. 

The  arteries  most  often  wounded  in  the  cases  ob- 
served by  us  were,  in  order  of  frequency  : — 

1.  The  brachial  artery  in  the  arm,  with  an  asso- 
ciated lesion  of  the  median  nerve  alone,  or  of  the 
median  and  ulnar  nerves. 

2.  The  axillary  artery,  with  a  complex  lesion  of  the 
brachial  plexus,  or  an  isolated  wound  of  the  median 
and  ulnar  nerves. 

3.  The  radial  artery,  with  a  wound  of  the  median 
nerve  in  the  forearm,  or  of  the  median  and  sensory 
branch  of  the  musculo-spiral. 

4.  The  ulnar  artery,  with  a  lesion  of  the  ulnar  nerve 
alone  (retraction  of  the  interossei),  or  of  both  the 
median  and  ulnar. 

5.  The  popliteal  artery,  with  lesion  of  the  external 
and  internal  popliteal  nerves  (gangrene  of  the  toes). 

6.  The  femoral  artery,  with  a  wound  of  the  great 
sciatic  nerve  in  the  lower  part  of  the  thigh  (gangrene 
of  the  last  three  toes). 
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In  conclusion,  we  may  mention  an  interesting  thera- 
peutical point  : — 

Surgical  interventions  on  limbs  presenting  serious 
vascular  disturbances,  with  the  object  of  liberating 
or  suturing  the  wounded  nerves,  have  nearly  always 
a  favourable  effect  on  vasomotor,  trophic,  and  caloric 
symptoms.  The  surgeon  is  obliged  to  cut  out  what 
remains  of  the  nerve-trunks  from  very  indurated  and 
vascularised  fibrous  tissue  ;  although  he  is  obliged  at 
the  same  time  to  sever  many  very  much  dilated  small 
tributary  arteries,  the  intervention  has  never,  in  our 
experience,  been  followed  by  any  aggravation  what- 
ever. On  the  contrary,  the  wounded  notice  an  im- 
provement in  the  vascular  symptoms  affecting  the 
extremities  in  the  first  weeks  following  the  operation. 
In  fact,  a  real  improvement  follows  the  release  of  the 
nerves  from  the  adhesions.  The  coldness  diminishes 
as  well  as  the  trophic  changes  and  the  vasomotor 
phenomena. 


CHAPTER   XII 

CRANIAL  NERVES 

'Cases  in  which  wounds  of  the  face  and  of  the  upper 
and  lateral  part  of  the  neck  are  accompanied  by  lesions 
of  one  or  several  cranial  nerves  are  not  uncommon.^ 

Numerous  observations  of  this  kind  have  been 
published  by  different  authors,  notably  by  Andre 
Thomas,2  Morestin,^  Collet,*  Vernet,^  etc. 

We  shall  say  a  few  words  about  the  changes  that  must 
be  investigated  to  arrive  at  a  diagnosis  of  lesions  of 
the  nerve-trunks  most  often  affected. 

The  complicated  and  capricious  course  taken  by 
projectiles  makes  a  general  description  of  the  lesions 
of  the  cranial  nerves  an  utter  impossibility. 

The  Trigeminal  Nerve 

Lesions  of  this  nerve,  which  is  at  once  motor  and 
sensory,  are  not  uncommon.  We  may  remind  the 
reader  that  it  supplies  a  motor  branch  to  the  masti- 
catory muscles,  and  from  the  sensory  aspect  supplies 
the  skin  of  the  face  comprised  between  the  region  of 
the  great  occipital  nerve  behind  and  the  branches  of 

^  In  this  necessarily  summary  account  we  do  not  include  lesions  of 
the  optic  nerve,  the  motor  nerves  of  the  eye,  nor  of  the  auditory  nerve. 

2  Andre  Thomas,  "  Multiple  Paralyses  of  the  Cranial  Nerves,"  Soc. 
de  Neurol.,  Julv  1,  1915. 

3  H.  Morestin,  Soc.  de  Chir.  de  Paris,  June  23,  1915,  June  30,  1915, 
January  5,  1916. 

*  Collet,  Lyon  Medical,  April  1915. 

'  Maurice  Vernet  (of  Lyons),  Soc.  Med.  des  Hajt.,  February  18,  1916. 
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the  superficial  cervical  plexus  in^>front  and  laterally 
(fig.  62). 

In  addition,  it  gives  sensibility  to  the  gums,  palate, 
inside  of  the  cheeks,  nasal  cavities,  eyeball,  lips, 
teeth,  and  floor  of  the  mouth. 

By  its  lingual  branch,  which  anastomoses  with 
the  chorda  tympani  (a  branch  of  the  facial),  it  gives 
sensibility  to  the  anterior  half  of  the  dorsal  surface  of 
the  tongue. 

It  is  therefore  necessary  to  examine  all  these  regions 
attentively,  in  case  the  projectile  has  traversed  the 
regions  containing  branches  of  the  trigeminal. 

When  the  inferior  maxillary  nerve  may  have  been 
injured  it  is  necessary  to  examine  the  masticatory 
muscles.  The  patient  must  be  made  to  clench  and 
unclench  the  teeth,  and  while  he  is  doing  so  the 
masseters  and  the  temporals  must  be  palpated  ;  then 
he  must  execute  the  movements  of  the  lower  jaw 
(elevation,  propulsion,  retropulsion,  and  movements 
of  latero-flexion).  In  cases  of  paralysis  of  all  the 
masticatory  muscles  of  one  side,  movement  of  the 
whole  jaw  towards  the  healthy  side  is  observed  on 
inspection. 

Paralysis  of  the  masticatory  muscles  is  not  very 
frequent.  It  is  generally  due  to  the  injury  of  one  or 
several  offshoots  of  the  sensory  terminal  branches  of 
the  trigeminal  nerve,  shown  by  a  patch  of  anaesthesia 
or  hypaesthesia.  Sometimes  there  may  be  painful 
hyperaesthesia. 

In  some  cases  a  patch  of  alopecia  has  been  found 
in  one  of  these  hyperaesthetic  zones  following  a  lesion 
of  the  trigeminal  nerve  and  of  the  auricular  and 
mastoid  branches  of  the  superficial  cervical  plexus. 
Paralysis  and  irritation  of  the  inferior  dental  nerve 
may  have  played  a  part  in  the  pathogeny  of  this 
symptom  by  reflex  action  (Andre  Thomas). 

Andre  Thomas  also  regards  a  lesion  of  the  lingual 
nerve  or  of  the  chorda  tympani  as  responsible  for 
vasomotor  disturbances  in  the  half  of  the  tongue 
corresponding  to  the  injured  side.     These  vasomotor 
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phenomena  consist  in  a  pallor  of  the  lingual  mucosa, 
and  a  poorer  blood-supply  to  the  lower  surface  of  the 
tongue,  where  the  ranine  vein  appears  smaller  than 
that  of  the  healthy  side. 

Besides  the  disturbances  of  general  sensibility, 
gustatory  sensibility  may  also  be  ajffected  in  the  course 
of  a  lesion  of  the  trigeminal  nerve.  Search  should 
therefore  be  made  for  this  on  the  anterior  segment  of 
the  dorsal  surface  of  the  tongue. 

In  connection  with  lesions  of  the  trigeminal  nerve, 
we  must  examine  a  "  sympathetic  "  syndrome  which 
we  had  occasion  to  observe,  with  Dr  Monbrun,  in 
patients  who  had  undergone  amputation  of  the  an- 
terior segment  of  the  eye  in  consequence  of  wounds 
to  that  organ. ^  Several  weeks  or  several  months  after 
a  wound  to  the  eye  has  been  operated  on  and  perfectly 
healed,  it  is  not  unusual  to  meet  with  a  number  of 
disturbances  which  are  nearly  always  identical  in  the 
different  cases,  and  vary  only  in  their  intensity. 

They  consist  of  pain  in  the  head,  localised  in  the 
vertex  or  nape  of  the  neck,  starting  from  the  root  of 
the  nose,  or  sometimes  from  the  region  of  the  orbit. 

These  pains  are  more  or  less  continuous,  but  they 
also  occur  in  paroxysms,  in  the  course  of  which  vaso- 
motor disturbances  appear,  characterised  by  redness 
of  half  or  the  whole  of  the  face  and  the  neck,  attacks 
of  flushing,  a  feeling  of  anguish,  and  slight  dizziness. 

These  pains,  which  the  sufferers  compare  to  blows 
of  a  hammer,  rending  of  the  flesh,  and  burning,  are 
increased  or  provoked  by  the  same  circumstances  as 
causalgia  in  wounds  of  the  median  or  sciatic.  They 
are  intensified  by  noise,  light,  and  emotion,  and  most 
of  all  by  atmospheric  heat. 

Secretory  disturbances  are  sometimes  seen  in  the 
course  of  the  paroxysms,  and  consist  of  hyper- 
secretion of  sweat  on  the  face. 

It  is  curious  to  note  the  existence  of  hyperalgesic 
cutaneous  zones,  sometimes  at  the  nape  of  the  neck, 

1  M.  Monbrun  and  Mme.  Athanassio-Benisty,  Soc.  de  Neurol.y 
May  4,  1916.     Rev.  Neurolog.,  June  1916,  p.  906. 
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but  more  often  at  the  vertex,  corresponding,  according 
to  Head's  diagrams,  to  lesions  of  the  posterior  segment 
of  the  eye. 

In  these  zones  the  wounded  feel  either  itching, 
burning,  or  persistent  and  very  disagreeable  tingling. 

The  intensity  of  these  painful  symptoms  always 
reacts  on  the  psychical  condition  of  the  patient,  who 
becomes  uneasy,  irritable,  solely  preoccupied  by  his 
sufferings,  exasperated  sometimes  even  to  the  thought 
of  suicide.  Struck  by  the  resemblance  of  these  pheno- 
mena to  those  which  Dr  Henry  Meige  and  ourselves 
have  described  in  lesions  of  the  median  and  sciatic 
nerves,  we  have  endeavoured  to  discover  their 
starting-point. 

Dr  Monbrun  discovered  in  all  these  cases  the 
existence  of  a  stump  in  which  the  ophthalmic  ganglion 
and  its  afferent  and  efferent  branches  might  be  im- 
prisoned and  irritated. 

The  irritation  of  the  cephalic  sympathetic  at  this 
point  might,  we  think,  explain  the  appearance  of 
these  painful,  vasomotor,  and  secretory  symptoms, 
but  the  removal  of  the  stump  did  not  bring  about, 
as  we  hoped,  any  considerable  improvement  in  these 
symptoms. 

But  it  would  be  desirable  that  total  enucleation 
of  the  wounded  eye  should  be  performed  at  once  in 
every  case  of  serious  ocular  wound  before  awaiting 
the  outbreak  of  the  intense  and  obstinate  disturb- 
ances of  which  we  have  spoken. 

The  Facial  Nerve 

The  facial  nerve  is  fairly  frequently  injured  in 
wounds  of  the  parotid  region  and  of  the  cheek.  More- 
over, wounds  of  the  cranium,  particularly  in  the 
temporo-frontal  region,  are  very  often  accompanied 
by  paralysis  of  the  motor  filaments  to  the  orbicularis 
palpebrarum  or  frontalis. 

The  division  of  the  nerve  into  two  branches,  the 
temporo-facial  and  the  cervico- facial,  and  the  numerous 
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ramifications  they  send  out  to  the  superficial  muscles 
I      of  the  face,  offers  a   ready   explanation   of   wounds 
being  localised  in  the  inferior  or  superior  facial  nerve, 
nd  even  in  some  of  their  terminal  fibres. 
But  it   may   happen  that  a  lesion  of  the  actual 
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Fig.  81. — 1.  Facial  nerve.  2.  Temporo-facial  division.  3.  Cervico- 
facial division.  4.  Frontal  branches.  5.  Palpebral.  6.  Sub- 
orbital. 7.  Superior  buccal.  8.  Inferior  buccal.  9.  Mental.  10. 
Cervical.  11.  Transverse  cervical.  12.  Auriculo -temporal.  13, 
Sub-occipital  nerve.     14.  Auricular.     15.  Supra-orbital. 

trunk  of  the  facial  nerve  gives  rise  to  an  incomplete 
dissociated  paralysis  of  the  nerve,  which  is  localised 
by  preference  in  the  fibres  of  the  inferior  facial.^ 

Dr  Moure  explains  this  fact  by  the  following  hypo- 
thesis :  the  trunk  of  the  facial  nerve  is  composed  of 
two  kinds  of  fibres,  the  superficial  ones  supplying  the 
muscles  of  the  lower  part  of  the  face,  and  the  others 

^  E.  J.  Moure,  "  Paralysies  faciales  de  la  guerre,"  Presse  medicale,  April 
13,  1916. 
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occupying  the  centre  and  destined  for  the  upper 
muscular  group. 

The  first,  which  are  the  more  sensitive,  form  a 
covering  for  the  second,  and  are  therefore  more  ex- 
posed to  external  irritation. 

The  diagnosis  of  total  or  partial  paralysis  of  the 
facial  nerve  is  easy.  The  expressionless  set  appear- 
ance of  half  of  the  face,  the  flabbiness  of  the  cheek, 
the  effacement  of  wrinkles  on  the  forehead  and  of  the 
naso-labial  fold,  the  deviation  of  the  mouth,  drooping 
of  the  lower  lid,  the  lowering  of  the  eyebrow,  inability 
to  close  the  eye  on  the  paralysed  side  if  the  superior 
facial  has  been  also  afEected,  and  the  turning  of  the 
eyeball  upwards  and  outwards  when  trying  to  close 
the  eye,  are  some  important  signs.  The  asymmetry  of 
the  face  is  exaggerated  during  movement,  when  the 
patient  speaks,  laughs,  or  makes  grimaces. 

Electrical  examination,  repeated  at  fairly  long 
intervals,  will  enable  one  to  ascertain  the  intensity 
of  the  lesion,  and  under  these  conditions  one  may 
decide  upon  the  advisability  of  surgical  intervention 
directly  on  the  nerve  itself  (Moure),  or  a  palliative 
operation  on  the  soft  parts  (fixation  to  resisting 
structures  (Morestin)). 

Other  Cranial  Nerves 

The  glossopharyngeal  is  a  mixed  nerve  giving  motor 
fibres  to  the  pharynx  and  soft  palate,  and  sensory 
fibres  to  the  pharynx  and  tongue. 

When  it  is  wounded  one  or  both  of  the  following 
symptoms  may  be  observed  :  paralysis  of  the  constrictor 
of  the  pharynx  and  alteration  of  taste  (Collet,  Maurice 
Vernet). 

Paralysis  of  the  constrictor  of  the  pharynx  is 
shown  by  difficulty  in  deglutition  of  solids  in  the 
lower  part  of  the  pharynx,  so  that  the  patient  is 
obliged  to  facilitate  this  deglutition  by  the  ingestion 
of  fluid. 

At  the  same  time  the  soft  palate  may  be  involved. 
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In  case  of  paralysis  half  the  soft  palate  is  immobilised 
and  deviated  to  the  sound  side,  with  nasal  regurgita- 
tion of  fluids  and  a  nasal  voice.  In  addition  to  these 
signs  we  notice  that  the  posterior  wall  of  the  pharynx 
on  the  affected  side  shows  a  movement  towards  the 
healthy  side  (Maurice  Vernet). 

Examination  of  taste  by  comparison  with  the  sound 
side  shows,  on  the  posterior  part  of  the  tongue,  a 
diminution  or  abolition  of  the  perception  of  bitter 
substances  (quinine),  and  a  diminution  or  retardation 
as  regards  salt  or  sugar. 

Reflex  sensibility  (nausea  reflex,  reflex  of  the  soft 
palate)  and  sensibility  to  touch  of  the  soft  palate  and 
the  posterior  wall  of  the  pharynx  may  be  diminished 
or  abolished  on  the  affected  side. 

The  Pneumogastric  Nerve. — A  lesion  of  this  nerve 
may  be  accompanied  by  various  disturbances.  The 
most  usual  and  the  most  characteristic  are  laryngeal 
and  cardiac  disturbances. 

The  first  are  shown  by  alterations  in  the  voice, 
which  is  weaker,  bitonal,  and  sometimes  wheezing. 

On  laryngoscopic  examination  the  vocal  chord  on 
the  wounded  side  is  found  in  the  intermediate  or 
cadaveric  position.  Often  the  vocal  chord  of  the 
healthy  side,  by  an  effort  at  compensation,  goes 
beyond  the  median  line  in  front  of  the  paralysed 
vocal  chord. 

The  cardiac  disturbance  is  shown  by  an  acceleration 
of  the  pulse.  0.  Josue  and  Jean  Heitz^  regard  irri- 
tation of  the  pneumogastric  nerve  as  the  cause  of 
attacks  of  extra-systoles  occurring  after  rapid  or 
fatiguing  exercise  in  a  patient  under  their  observation 
who  had  been  wounded  in  the  neck  by  a  shrapnel 
buUet. 

Attacks  of  convulsive  coughing,  which  appears  to 
be  due  to  pharyngo-laryngeal  hypersesthesia  from 
irritation  of  the  nerve,  may  also  be  met  with. 

Lastly,   another  sign  of  a  lesion  of  the  pneumo- 

1  Archives  des  inaladies  du  coRvr,  des  vaisseaux  et  du  sang,  September 
1915. 
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gastric  nerve,  according  to  Vernet,  is  pain  on  pressure 
on  the  corresponding  ala  of  the  thyroid  cartilage. 

The  Spinal  Accessory  Nerve. — This  exclusively  motor 
nerve  divides,  soon  after  it  issues  from  the  cranium, 
into  two  terminal  branches,  one  internal,  which 
immediately  joins  the  pneumogastric  nerve,  thus 
forming  the  motor  root  of  the  latter ;  the  other, 
external,  which  is  intended  for  the  innervation  of 
the  trapezius  and  sterno-cleido-mastoid. 

The  internal  branch  supplies  by  itself  the  muscles 
of  the  larynx  and  those  of  the  soft  palate,  the  vagus 
nerve  being  purely  sensory.  According  to  some 
authors,  this  internal  branch  is  the  origin  of  the 
cardiac  nerves  of  the  vagus.  The  laryngeal  and 
cardiac  disturbances  previously  described  would  there- 
fore be  due  to  the  lesion  of  the  fibres  of  the  spinal 
accessory  contained  in  the  interior  of  the  vagus  nerve. 

Lesion  of  the  fibres  of  the  external  branch  entails 
a  paralysis  of  both  trapezii  and  sterno-mastoids,  the 
signs  of  which  we  described  in  studying  the  lesions 
of  the  cervical  plexus. 

The  hypoglossal  is  a  purely  motor  nerve ;  it  supplies 
the  muscles  of  the  tongue,  the  genio-hyoid  muscle 
and  the  sub-hyoid  muscles.  It  is  rather  frequently 
injured  in  the  supra-hyoid  region,  and  more  rarely 
in  the  latero-pharyngeal  space. 

Its  lesion  is  shown  by  a  hemiparesis  of  the  tongue. 
The  corresponding  half  of  the  organ  is  reduced, 
shrivelled,  and  its  tip  is  deviated  towards  the  para- 
lysed side. 

This  deviation  is  increased  when  the  patient  tries 
to  put  the  tongue  out.  The  mucous  membrane  is 
thrown  into  large  folds.  On  palpation  the  paralysed 
half  seems  soft  and  flabby  ;  electrical  examination 
shows  a  reaction  of  degeneration.  When  the  two 
hypoglossal  nerves  have  been  wounded  by  a  pro- 
jectile traversing  the  supra-hyoid  region  from  one 
side  to  the  other  the  tongue  is  completely  paralysed. 
It  is  flaccid  and  immobile  ;  the  patient  cannot  put 
out  the  tip,  nor  draw  it  back,  nor  raise  it. 
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The  wounded  man  swallows  his  saliva  with  great 
difficulty,  dribbles  constantly,  and  is  obliged  to  have 
a  handkerchief  at  hand  to  keep  his  face  dry.  He 
speaks  with  difficulty  in  a  thick,  scanning  voice,  and 
has  great  difficulty  in  feeding  himself. 

When  the  hypoglossal  nerve  is  paralysed  at  the 
base  of  the  cranium,  we  also  observe  an  appreciable 
paralysis  of  the  sterno-hyoid  muscle,  with  electrical 
disturbances. 

Professor  Collet  (of  Lyons)  gives  the  name  of 
complete  hemiplegic  syndrome  of  the  last  four  nerves 
to  a  combination  of  symptoms  due  to  a  complete 
lesion  of  the  ninth,  tenth,  eleventh,  and  twelfth  cranial 
nerves,  such  as  may  be  caused  by  a  wound  in  the 
uppermost  part  of  the  latero-pharyngeal  space.  This 
syndrome  is  shown  by  the  following  signs :  lingual 
hemiplegia,  laryngeal  hemiplegia,  umlateral  paralysis 
of  the  trapezius,  hemiplegia  of  the  soft  palate  and 
pharynx,  with  disturbance  of  taste,  cardiac  rhythm, 
and  some  ocular  symptoms,  probably  due  to  involve- 
ment of  the  cervical  sympathetic  nerve. 

This  syndrome  would  thus  constitute  a  new  type 
of  associated  laryngeal  hemiplegia  besides  the  pure 
laryngeal  hemiplegia,  the  syndrome  of  Avellis  (larynx 
and  soft  palate),  Schmidt's  syndrome  (larynx,  soft 
palate,  trapezius),  Jackson's  syndrome  (larynx,  soft 
palate,  and  tongue),  and  the  syndrome  of  Tapia 
(larynx,  tongue). 

CERVICAL  SYMPATHETIC 

Although  often  associated  with  wounds  of  the 
brachial  plexus,  lesions  of  the  cervical  sympathetic 
from  wounds  in  war  may  also  be  observed  separately.^ 

These  lesions  react  on  the  organ  of  vision  in  quite  a 
peculiar  manner.  The  ocular  symptoms  are  as  follows  : 
more  or  less  considerable  myosis  on  the  affected  side, 
sinking  in  of  the  eyeball,  and  diminution  of  the  palpebral 
fissure. 

1  Couteaud,  Soc.  de  Chir.,  February  9,  1915. 
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The  visual  function  does  not  appear  to  be  influenced 
by  the  sympathetic  lesion.  In  the  four  cases  described 
by  Couteaud,  visual  acuity  was  normal,  there  was  no 
disturbance  of  accommodation,  and  no  modification 
of  the  membranes  or  of  the  media. 

Besides  the  ocular  phenomena,  one  may  observe 
a  vaso-dilatation  of  the  cheek  on  the  affected  side, 
which  is  hotter  and  redder  than  the  other.  More 
rarely  one  may  find  a  diminution  of  salivation. 


154. 


69. 


Abductor  hallucis,  163. 

longus  pollicis,  33,  52. 

minimi  digiti,  92,  164. 

pollicis  manus,  54. 
Adductor  magnus  muscle, 

muscles,  154,  199,  200. 

obliquus  hallucis,  163. 

pollicis,  93. 

paralysis  of,  97. 
Alcohol,  injections  of,  80. 
American  War  of  Secession,  the 
Amyotrophy,  59,  109,  169. 
Anal  nerve,  196. 

reflex,  the,  13. 
Anastomosis,  52. 
Ankle,  the,  examination  of,  4. 
Ankle-jerk,  inverted,  177  {note). 
Ankylosis  of  joints,  113. 

of  the  wrist,  47. 
Anterior  crural  nerve,  195,  203. 

tibial  nerve,  156. 
"  Ape-hand,"  the,  55,  57. 
Arm,    the,    lesions    of    paralysis    of 

ulnar  nerve,  103. 
Arterial     lesions,    investigation    of, 

210. 
Arteries,  lesions  of,  217. 
Artery,  sciatic,  153,  179. 
Articulations,  3  et  seq. 

in    lesions    of    peripheral    nerves, 
214. 
Associated    lesions    of    median    and 

ulnar  nerves,  107  et  seq. 
Atrophy,  5,  34,  71,  77,  119,  132,  170. 
Auricular  branch,  the,  126. 
Axilla,  wounds  in,  103. 
Axillary  artery,  lesions  of,  217. 
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Babinski's  sign 
Baraesthesia,  8. 
Bernard  and  Horner's 

syndrome,  147. 
Biceps  muscle,  131,  154,  158. 
reflex,  39. 


12,  146,  150. 

sympathetic 


Blood-vessels  and  nerves,  lesions  of, 

211. 
Bones,  changes  in,  214, 
in    lesions    of    peripheral    nerves, 
214. 
Bracliial  artery,  lesions  of,  217. 
monoplegia,  145,  146. 
plexus,  anatomy,  123. 

collateral  branches  of,  124. 
complete  lesion  of,  148. 
localisation  of  lesions  in,  137. 
paralysis  of,  12^. 
paralysis   of,   following  disloca- 
tion of  shoulder,  140. 
seat  of  lesions  in,  139* 
spinal  cord  symptoms,  144. 
Brachiahs  anticus,  117,  118,  131. 
Brown-Sequard's    syndrome,    146, 
147  (note). 

Callosities,  4. 
Caloric  changes,  109. 

in  ulnar  paralysis,  101. 
disorders,  14. 
Carati,  M.  E.,  on  faradisation,  7  (note). 
Cardiac  disturbances,  225. 
"  Cauda  equina,"  192. 

lesions  of,  200. 
Causalgia,  69,  72. 
in  the  hand,  78. 
its  first  observation,  81. 
Cellular     tissue     (subcutaneous)    in 
lesions  with  peripheral  nerves, 
213. 
Cephalic  sympathetic,   irritation  of, 

222. 
Cervical  and  brachial  plexuses,  dis- 
tribution of  motor  nerves  of, 
142-4. 
branch,  the,  126. 
plexus,  126. 

sympathetic  nerve,  227,  228. 
Cervieo-facial  nerve,  222. 
Cicatrices,  4. 
Circumflex  nerve,  the,  120,  124. 
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Claw-hand,  93,  96,  102. 
Clenched-fist  sign,  the,  68, 
Cold,  sensibility  to,  146. 
Collet's  hemiplegia  syndrome,  227. 
Coramunicans  peronei,  156. 

tibialis,  158. 
Complex  paralysis  of  plexus,  135. 
Congealed  hand,  47,  48. 
Coraco-brachialis,  the,  117,  118. 
Corpuscles,  83. 
Coughing,  convulsive,  225. 
Cranial  nerves,  219  et  seq. 
Cremasteric  reflex,  the,  13. 
Crural  nerve  (anterior),  195,  203. 
Crureus  muscle,  195. 
Crutch  paralysis,  23. 
"  Cup  hand,"  70. 
Cutaneous  nerves,  120,  121. 
branches  of,  197. 

plantar  reflex,  12. 

reflexes  in  the  lower  extremity,  12. 

sensibility,  6. 

Degeneration,  reaction  of,  19. 
Dejerine,  Dr  and  Mme.,  45. 
Deltoid  muscle,  125,  128,  131. 
Duchenne,  M.,  5,  7  (note). 
dictum  of,  182. 

Elbow,  the,  examination  of,  3. 
Electrical  changes,  59,  105,  109,  119, 
132 
disturbances,    99,    169,    175,    183, 

189. 
examination     of      neuromuscular 

lesions,  15. 
reactions,  34,  67. 
Electro-diagnosis,  15. 
in  ulnar  area,  111. 
Erb's  point,  124. 
Eruptions,  212. 

Extensor  brevis  digitorum,  14,  161. 
pollicis,  33. 
carpi  radialis  brevior,  30 
longior,  the,  31. 
ulnaris,  31,  52. 
communis  digitorum,  32. 
indicis,  32. 
longus  digitorum,  159. 

pollicis,  33,  157,  159,  187. 
minimi  digiti,  33. 
proprius  hallucis,  157,  160,  187. 
Extensors  of  the  fingers,  32. 
External  cutaneous  nerve,  194. 

popliteal  nerve,  155. 
Eye,  the,  lesion  of,  221. 

Facial  nerve,  222. 
paralysis  of,  224. 


"  Fan  sign,"  the,  12. 

Faradic    exploration    in     unilateral 

lesions,  17. 
Faradisation     as     test     of     painful 

sensibility,  7  {note). 
Fascia  lata,  reflex  of  the,  12. 
Femoral  artery,  lesions  of,  217. 
Fingers,  the,  examination  of,  4. 
extensors  of,  32. 
flexors  of,  213. 
Flexor  accessorius,  164. 
brevis  digitorum,  164. 
minimi  digiti,  92,  164. 
pollicis,  54,  93. 
paralysis  of,  97. 
carpi  radialis,  52,  63. 
ulnaris,  91. 

paralysis  of,  95. 
longus  digitorum,  163. 
hallucis,  163. 
polUcis,  the,  54. 
paralysis  of,  59. 
profundus  digitorum,  53,  91. 

paralysis  of,  58,  95. 
sublimis  digitorum,  the,  53. 
paralysis  of,  58. 
Flexors,  ischaemic  myositis  of,  105. 
Foot,  the,  appearance  in  lesions  of 
great    sciatic     and    popliteal 
nerves,  165. 
reflex  adduction  of  the,  12. 
stimulation  of  muscles,  14. 
Foot-drop,  181. 
Forearm,  the,  lesions  of  ulnar  nerve 

in,  101. 
"  Fork  back,"  113. 
Froment's  sign,  97. 

Galvanic  exploration,  17. 
Gangrene,  212. 

Gastrocnemius  muscle,  161,  172. 
Gemellus,  inferior  and  superior,  nerves 

to,  197. 
Genito-crural  nerve,  194. 

lesion  of,  205. 
Glossopharyngeal  nerve,  224. 
Gluteal  nerves,  197. 

reflex,  the,  13. 
Gluteus  maximus,  197,  200. 

medius,  198,  200. 

minimus,  198,  200. 
Gracilis  muscle,  200. 
Great  sciatic  nerve,  anatomy,  153. 

muscles  supplied  by,  158. 
Grunspan,    Dr  M.,    on   electro -diag- 
nosis, 15. 
Gustatory  sensibility,  221. 

Haemorrhoidal  nerve,  196. 
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Hand,  the,   appearance  of,  in  com- 
plicated lesions,  107. 
atrophy  of,  77. 
flexion  of,  52. 

in  musculo -spiral  paralysis,  27. 
in  painful  lesions  of  median  nerve, 

70. 
in  total  paralysis,  55. 
of  ulnar  nerve,  93. 
nerves  on  dorsal  aspect  of,  89  et  seq. 
stimulation  of  muscles,  13. 
Hair,   the,   in  lesions   of   peripheral 

nerves.  213. 
Hemiparesis  of  the  tongue,  226. 
Hemiplegia,     associated     laryngeal, 

227. 
Hip,  the,  examination  of,  4. 

muscles  of  :  physiology,  197. 
Hypsesthesia,  75,  104. 
Hyperaesthesia,  74,  75. 
Hyperextension  of  phalanges,  112. 
Hypoglossal  nerve,  226. 
Hypothenar  eminence,  the,  14. 
muscles  in,  92. 
paralysis  of,  95, 

Idiomuscular  contraction,  13,  41,  63, 

119,  134,  185. 
Ilio-hypogastric  nerve,  194. 
Ilio-inguinal  nerve,  194. 
Ilio-psoas  muscle,  198,  200. 
Inferior  maxillary  nerve,  220. 
Infraspinatus  muscle,  125,  129,  131. 
Internal  cutaneous  nerves,  the,  120, 
121. 
popliteal  nerve,  157. 

muscles  supplied  by,  161. 
paralysis  of,  187. 
Interossei,  164. 

paralysis  of,  96. 
Interosseous  muscles  of  the  foot,  14. 
of  the  hand,  14. 
retraction  of,  214. 
Involuntary  movements.  75. 
Ischaemic  myositis  of  flexors,  105. 

Joints,  examination  of,   3    (see  also 
Articulations) . 

Knee,  the,  examination  of,  4. 
Knee-jerk,  11,  169. 

Laryngeal  disturbances,  225. 

hemiplegia,  associated,  227. 
Latissimus  dorsi  muscle,  124, 129, 131. 
Lesions  of — • 

anterior  crural  nerve,  203. 

Cauda  equina,  200. 

cervical  and  brachial  plexuses,||122. 


Lesions  of — 

cervical  sympathetic  nerve,  227. 

circumflex  nerve,  120. 

cranial  nerves,  219. 

external  cutaneous  nerve,  206. 

great  sciatic  and  popliteal  nerves, 

153  et  seq. 
inferior  maxillary  nerve,  220. 
internal  cutaneous  nerve,  120. 

saphenous  nerve,  204. 
lesser  internal  cutaneous  nerve,  121. 

sciatic  nerve,  206. 
lingual  nerve,  220. 
lumbo-sacral  plexus,  192. 
median  nerve,  50  et  seq. 

and  ulnar  nerves,  associated,  107. 
musculo-cutaneous   nerve,    117   et 

seq. 
musculo -spiral  nerve,  23  et  seq. 
nerve  to  quadriceps,  204. 
peripheral     nerves,      method      of 

examination,  1  et  seq. 
pudic  nerve,  206. 
ulnar  nerve,  89  et  seq. 
in  forearm,  101. 
Lesions,    vascular,    associated    with 
lesions    of   peripheral  nerves, 
209. 
Lesser  internal  cutaneous  nerve,  121. 
Levator  anguli  scapulae,  124,  128. 
nerve  to,  126. 
ani,  196. 
Limbs,  injured,  3. 
Lingual  nerve,  lesion  of,  220. 
Longus  colU,  126. 
Lower  plexus  paralysis,  130. 
Lumbar   and  sacral  plexuses,   table 
showing  motor  distribution  of 
nerves,  206  et  seq. 
plexus,  anatomy,  192. 
collateral  branches,  194. 
terminal  branches  of,  195. 
Lumbo-sacral  cord,  192. 
plexus,  192  et  seq. 

clinical  study,  200  et  seq. 
Lumbricales,  54,  92,  164. 

Masticatory  muscles,  219. 

paralysis  of,  220. 
Mastoid  branch,  the,  126. 
Maxillary  nerve,  220. 
Median    and    ulnar   nerves,    clinical 
types  of  partial  paralysis,  110. 

lesions  and  paralysis  of,  107  et  seq. 
Median  nerve,  amyotrophy,  59. 

anatomy,  50  et  seq. 

changes  in  reflexes,  77. 

concomitant  lesions  of,  with  ulnar 
nerve,  107. 
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Median  nerve,  electrical  changes,  59. 
evolution,  76  et  seq. 
involuntary  movements,  75. 
lesions  of,  50  et  seq. 
motor  disturbances,  71. 
muscular  atrophy,  71. 
painful  lesions  of,  69  et  seq. 
painless  lesions,  55  et  seq. 
paralysis  of  {see  Paralysis), 
partial  paralysis  of,  65  et  seq. 
diagnosis,  68. 
electrical  reactions,  67. 
motor  disturbances,  65. 
recovery,  68. 
reflexes,  68. 

sensory  disturbances,  67. 
signs  of  recovery,  68. 
vasomotor,  secretory,  and  ther- 
mal disturbances,  67. 
pathogeny,  78. 
physiology,  52  et  seq. 
reflexes,  63. 

secretory  changes,  62,  71. 
section  of,  80. 

sensory    disorders     and    disturb- 
ances, 60,  72. 
symptoms  of  paralysis  of,  69. 
thermal  symptoms,  76. 
trophic  changes,  62. 
vasomotor  changes,  62. 
Medio-plantar  reflex,  169. 
Meige,  Henry,  47,  48,  209. 
Meissner's  tactile  corpuscles,  83,  85. 
Middle  plexus  paralysis,  135. 

primary  trunk,  123. 
Mitchell,  Dr  Weir,  69,  81. 
Monbrun,  Dr,  221,  222. 
Motor  changes,  108. 

disorders  in  total  paralysis,  55. 
disturbances,  65,  71,  165,  175,  182, 

188. 
fibres,  187. 

function,  examination  of,  5. 
nerves    of    cervical    and    brachial 

plexuses,  142-4. 
power,  recovery  of,  42  et  seq.,  63, 

134. 
symptoms  of  upper  plexus  para- 
lysis, 131. 
Moure,  Dr,  223. 

Muscles  affected  by  plexus  paralysis, 
131. 
and  galvanic  stimulation,  19. 
degeneration  of,  213. 
examination  of,  5. 
in    lesions    of    peripheral    nerves, 

213. 
of  foot,  percussion,  170. 
of  shoulder,  127. 


Muscles,  physiology  of,  26. 

supplied     by     external     popliteal 

nerve,  159. 
supplied    by   great   sciatic    nerve, 

158. 
supplied     by     internal     popliteal 

nerve,  161. 
supplied  by  plantar  nerves,  163. 
Muscular   atrophy,    5,    34,    71,    119. 
132,   170. 
fibre,  83  et  seq. 
Musculo-cutaneous      and       anterior 
tibial  nerves,  155. 
nerve,  111  et  seq. 
anatomy,  117. 
clinical  examination,  118. 
physiology,  118. 
Musculo-spiral  nerve,  the,  23  et  seq., 
124. 
anatomy  of,  23. 
electrical  reactions,  34. 
idiomuscular  contraction,  41. 
motor  character  of,  30. 
muscular  atrophy,  34. 
physiology  of  muscles,  27. 
recovery  of  power  of  movement. 

42  et  seq. 
sensory  disorders,  35. 
signs  of  recovery,  46. 
subjective  disturbances,  38. 
tendon  and  periosteal  reflexes,  39. 
trophic  disturbances,  42. 
vasomotor    and   secretory    pheno- 
mena, 41. 
Musculo-spiral  paralysis,  23. 

accompanying  disorders  of  un- 
affected muscles,  33. 
tests  for,  48. 
voluntary  contraction  in,  43. 

Nails,  the,  catenulate  and  striated, 
77,  78. 

in    lesions    of    peripheral    nerves, 
212. 
Neck,  the,  rigidity  of,  152. 
Nerve,  section  of,  80. 
Nerve-fibrils,  85. 
Nerve  lesions,  articulations,  3. 

cicatrices  and  callosities,  4. 

details  of  injury,  1. 

examination  of  patient,  3. 

immediate  results,  1. 

method  of  examination  of,  1  et  seq. 

motor  function,  5. 

reflexes,  10. 

sensory  function,  6. 

stereognosis,  9. 

subjective  disturbances,  9. 

subsequent  history,  2. 
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Nerve  -  trunk,     the,     injections     of 

alcohol  into,  80. 
radio-therapy  treatment  of,  79. 
Nerves,  hyperalgesia  of,  75  (note). 
Nerves  and  blood-vessels,  lesions  of, 

211. 
Neuritis,  ascending,  69,  70. 
Neuromuscular     lesions,     electricity 

and,  15. 
faradic  exploration,  17. 


Objective  sensibility,  74. 

Obturator  nerve,  195. 

Olecranon  reflex,  the,  11. 

Oppenheim's  sign,  12. 

Opponens  minimi  digiti,  92,  93,  164. 

pollicis,  54. 
Osseous  sensibility,  test  for,  9. 
Osteo-periosteal  reflexes,  10,  12. 
"  Osteoporotic  hand,"  78. 


Pacinian  corpuscles,  83,  85. 

nervous  structure  of.  84,  85. 
Pain,  spontaneous,  175. 
Pains,  paroxysmal,  72. 
Palmar  muscles,  paralysis  of,  58. 
Palmaris  brevis,  92. 

longus,  the,  52. 
Palpebral  fissure,  diminution  of,  227. 
Paralysis,  amyotrophy,  59. 

"  ape-hand,"  55. 

electrical  changes,  59. 

musculo-spiral,  23. 
diagnosis,  47. 

recovery    of    power    of    move- 
ment, 42. 

of  arm,  symptoms,  151. 

of  cervical  and  brachial  plexuses, 
122. 

of  concomitant  lesions  of  median 
and  ulnar  nerves,  107  et  seq. 

of  constrictor  of  pharynx,  224. 

of  cranial  nerves,  220. 

of    external   popliteal    nerve,    181 
et  seq. 

of  flexor  sublimis,  58. 

of     great     sciatic     and     popliteal 
nerves,  165  et  seq. 

of  lumbo-sacral  plexus,  203. 

of  median  and  ulnar  nerves,  107. 

of  median  nerve,  55  et  seq. 

of  musculo-cutaneous  nerve,  117. 

of  musculo-spiral  nerve,  27. 

of  nerves  of  upper  extremity,  27. 

of  palmar  muscles,  58. 

of  posterior  tibial  nerve,  190. 

partial,  65  et  seq.,  103  et  seq. 


Paralysis,  plexus,  130  et  seq. 

recovery  of  power  of  movement,  63. 

sensory  disorders,  61. 

total,  55. 

ulnar,  93  et  seq. 

vasomotor  and  other  changes,  62. 
Paresis  of  lower  extremity:  symptoms. 

Paroxysmal  pains,  73. 
Patellar  reflex,  11. 
Pectineus  muscle,  200. 
Pectoralis  major,  125,  129,  131. 
contracture  of,  151. 

minor,  125. 
Pelvi-trochanteric  muscles,  198. 
Pelvis,  flexion  of  thigh  on,  199. 
Penis,  dorsal  nerve  of  the,  197. 
Perineal  nerve,  197. 
Periosteal  reflexes,  39. 
Peripheral  nerves,  lesions  of,  method 
of  examination,  1  et  seq. 

previous  history,  1. 

vascular   lesions    associated  with, 
209  et  seq. 
Peroneus  brevis,  156,  161,  187. 

longus,  160,  172,  187. 

tertius,  156,  157,  160. 
Perspiration,  41. 
Phalanges,    the,    hyperextension    of, 

108,  112. 
Pharynx,  paralysis  of  constrictor  of, 

224. 
Pitres,    Professor,   report   to   Neuro- 
logical Society,  44. 
Plantar  arch,  flattening  of,  182. 

cutaneous  reflex,  169. 

internal,  158. 

nerves,  muscles  supplied  by,  163. 
Plantaris  muscle,  161. 
Plexus,  brachial,  123. 

cervical,  126. 

lesions  of,  119. 

paralysis,  130  et  seq. 
Pneumogastric  nerve,  lesion  of,  225. 
Popliteal  artery,  lesions  of,  217. 

nerves,  155,  157. 

muscles  supplied  by,  159. 
muscular  branches  of,  158. 
paralysis  of,  187  et  seq. 
Popliteus  muscle,  161. 
Posterior      tibial      nerve,      muscles 

supplied  by,  162. 
Pronation,  automatic,  44. 
Pronator  radii  teres,  the,  52. 
Pronators,  the,  paralysis  of,  57. 
Pudendal  plexus,  192. 
Pudic  nerve,  196. 

lesion  of,  206. 
Pvramidalis,  the,  nerve  to,  197. 
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Quadriceps  femoris,  199. 
lesion  of  nerve  of,  204. 

Radial  artery,  lesions  of,  217. 
pulse,  examination  of,  210; 
Radicular  paralysis  of  right  lumbar 

plexus,  202. 
Radio-therapy  in   painful  lesions  of 

median  nerve,  79. 
Reaction  of  degeneration,  19. 
Recovery,  119,  186,  187. 
Rectus,  195. 
capitis  anticus  major,  126. 
capitis  anticus  minor,  126. 
lateralis,  126. 
Reflexes,    10,    11,   63,  99,    119,    132, 

169,  176,  185,  189. 
Retractile  scars,  212. 
Rhomboideus  muscle,  124,  127,  131. 

nerve  to,  126. 
Root  innervation  of  trunk  and  ex- 
tremities, 144  et  seq. 
Ruffini's  endings,  83,  85 

Sacral  plexus,  196. 

anterior  branches,  196. 
posterior  branches,  197. 
Saphenous  nerve,  195. 
Sartorius  muscle,  199,  200. 
Scalenus  anticus,  the,  130. 
medius,  125. 
muscles,  126. 

contracture  of,  151. 
Scapula  reflex,  134. 
Scapular    girdle,    the,    branches    of, 

125. 
Sciatic   and  popliteal  nerves,  evolu- 
tion of  lesions  of,  171,  176. 
recovery.  171. 
artery,  153,  179. 
nerve,  dissociated  paralysis,  187. 
(great),  196. 
anatomy,  153. 
branches  of,  196,  197. 
muscles  supplied  by,  158. 
lesions  of,  164. 
(lesser),  lesions  of,  206. 
painful  forms  of  lesions  of,  175. 
painful  forms  of  milder  degree, 

178. 
pathogeny,  179. 
section  of,  80. 
Secretory  changes  and  disorders,  14, 

62,  71,  101,  109,  16.5,  215. 
•  "  See-saw  "  myosis,  147  {note). 
Semimembranosus  muscle,  154,  158. 
Semitendinosus  muscle,  154,  158. 
Sense    of    passive    movement    and 
posture,  8. 


Sensibility,  deep,  8. 
objective,  74, 

disturbances  of,  176. 
osseous,  9. 
painful,  7. 
subjective,  72, 

disturbances  of,  175. 
superficial,  definition  of,  6. 
to  heat  and  cold,  7. 
to  pressure,  8. 
Sensory  changes.  99,   104,   109,   119, 
132,  140,  i66,  184,  189,  215. 
disorders     following      lesions      of 
musculo-spiral  nerve,  35, 
of  median  nerve,  60,  67, 
disturbances.  111,  215,  217, 
function,  the  examination  of,  6, 
Serratus  magnus,  124,  128,  131, 
Shoulder,  dislocation  of,  140. 
examination  of,  3. 
muscles  of  :  physiology,  127. 
Sicard's  "  osteoporotic  hand,"  78. 
Skiagrams,  147. 
Skin,    the,    in   lesions   of   peripheral 

nerves,  211. 
Soleus  muscle,  161. 
Sphincter   troubles   in   cervical   and 

brachial  plexuses,  146. 
Spinal  accessory  nerve,  226. 

cord    symptoms    associated    with 
lesions  of  brachial  plexus,  144, 
injury,  144. 

early  and  generalised  form,  144. 
Stereognosis,  9. 
StereogTiostic  sense  in  the  hand,  62. 

lesions  of,  150, 
Sterno-cleido-mastoid,  the,  130, 
Stemo-mastoid  branch,  126, 
"  Strumming  sign,"  108, 
Stylo-radial  reflex,  the,  10, 39,  63, 132, 
Subclavius,  125. 

Subcutaneous  cellular  tissue,  213. 
Subscapularis  muscle,  129,  131. 
Supinator  brevis,  the,  30. 

longus,  29,  131. 
Supraclavicular  branch,  the,  126. 
Supraspinatus  muscle,  125,  129,  131. 
Sympathetic  lesions,  227,  228. 
Synaesthesalgia,  74  (note). 

Tactile  anaesthesia,  74,  75. 

Tarsus,  the,  dorsal  tumour  of,  182. 

Taste,    alteration    and   examination 
of,  224,  225. 

Temperature  in   vasomotor  disturb- 
ances, 215. 

Temporo-facial     division     of     facial 
nerve,  222. 
nerve,  222. 
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Tendo  Achillis  jerk,  the,  11. 
Tendon  reflexes,  10,  11,  39. 
Tensor  f ascise  femoris,  198,  200. 
Teres  major,  129,  131. 

minor,  129. 
Thenar  eminence,  muscles  of,  54. 

muscles,  the,  13. 
paralysis  of,  59. 
Thermal    disturbances    and     symp- 
toms, 76,  165,  176. 
Thigh,  the  abduction  of,  200. 

cutaneous  nerve  of,  197. 

extension  on  the  pelvis,  200. 

flexion  on  the  pelvis,  199. 
Thoracic  nerve,  125. 
Thumb,  the,  abduction  of,  impossible 
in     musculo-spiral    paralysis, 
33. 

extension  of,  34. 

inner  sesamoid  muscles  of,  93. 
Tibialis  anticus,  156,  157.  159,  172, 
183,  187. 

posticus,  162. 
Timofeew,  organ  of,  85,  181. 
Tongue,  the,  hemiparesis  of,  226, 
Trapezius  muscle,  the,  127. 

contracture  of,  151. 

nerve  to.  126. 
Triceps,  the,  28. 

reflex,  10,  39,  63,  134. 
Trigeminal  nerve,  219. 

"  sympathetic  "  syndrome,  221. 
Trophic  changes  and  disorders,  14. 
in  ulnar  paralysis.  101. 

disturbances,  189,  211. 
Trunk,  the,  123. 
Tumour  of  the  wrist.  42. 


Ulcerations,  170,  212. 


Ulnar  artery,  lesions  of,  217. 
nerve,  anatomy,  89. 

claw-hand  in,  93,  96,  102. 
deep  branch,  90. 
diagnosis,  105. 
dorsal  cutaneous  branch,  90. 
electrical  disturbances,'99. 
lesions  in  forearm,  101. 
motor  changes,  95. 
partial  paralysis,  103. 
physiology,  91. 
reflexes,  99. 

sensory  changes,  99,  104. 
signs  of  recovery,  106. 
superficial  branch,  90. 
total  paralysis,  93  et  seq. 
paralysis,  recovery,  101. 
pronator  reflex,  the,  10,  39,  63. 
Unilateral  lesions,  tests  for,  17. 
Upper  extremities,  lesions  of  median 
nerve,  50  et  seq. 
plexus  paralysis,  131. 
primarv  and  secondary  trunk,  the, 
123. 

Vasomotor     and    secretory    pheno- 
mena, 41. 
changes  and  disorders,  14,  62,  101, 

109,  165,  176,  185,  214. 
fibres,  112. 
Vastus  externus  and  internus,  195. 
Visceral  branches,  196. 
Volkmann's  contracture,  105,  214. 

Wrist,  the,  ankylosis  of,  47. 

examination  of,  4. 

lateral  movements  of,  31. 

lesions  of  ulnar  nerve  in,  101. 

tumour  of,  42. 
Wrist-drop,  27,  34,  42,  47. 
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Extract  from 

the  Introduction  by  the  General  Editor, 

Sir   Alfred  Keogh. 

The  special  interest  and  importance,  in  a  surgical 
sense,  of  the  great  European  War  lies  not  so  much 
in  the  fact  that  examples  of  every  form  of  gross  lesion 
of  organs  and  limbs  have  been  seen,  but  is  to  be  found 
in  the  enormous  mass  of  clinical  material  which  has 
been  presented  to  us  and  in  the  production  of  evidence 
sufficient  to  eliminate  sources  of  error  in  determining 
important  conclusions.  For  the  first  time  also  in  any 
campaign  the  labours  of  the  surgeon  and  the  physician 
have  had  the  aid  of  the  bacteriologist,  the  pathologist, 
the  physiologist  and  indeed  of  every  form  of  scientific 
assistance  in  the  solution  of  their  respective  problems. 

The  achievements  in  the  field  of  discovery  of  the 
chemist,  the  physicist  and  the  biologist  have  given  the 
military  surgeon  an  advantage  in  diagnosis  and  treat- 
ment which  was  denied  to  his  predecessors,  and  we  are 
able  to  measure  the  effects  of  these  advantages  when 
we  come  to  appraise  the  results  which  have  been 
attained. 

But  although  we  may  admit  the  general  truth  of 
these  statements  it  would  be  wrong  to  assume  that 
modern  scientific  knowledge  was,  on  the  outbreak  of 
the  war,  immediately  useful  to  those  to  whom  the 
wounded  were  to  be  confided.  Fixed  principles  existed 
in  all  the  sciences  auxiliary  to  the  work  of  the  surgeon, 
but  our  scientific  resources  were  not  immediately  avail- 
able at  the  outset  of  the  great  campaign ;  scientific 
work  bearing  on  wound  problems  had  not  been 
arranged  in  a  manner  adapted  to  the  requirements, 
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were  not  fully  foreseen ;  for  the  workers  in  the  various 
fields  were  isolated  or  had  isolated  themselves  pursuing 
new  researches  rather  than  concentrating  their  power- 
ful forces  upon  the  one  great  quest. 

However  brilliant  the  triumphs  of  surgery  may  be, 
and  that  they  have  been  of  surpassing  splendour 
no  one  will  be  found  to  deny,  experiences  of  the  war 
have  already  produced  a  mass  of  facts  sufficient  to 
suggest  the  complete  remodelling  of  our  methods  of 
education  and  research. 

The  series  of  manuals,  which  it  is  my  pleasant 
duty  to  introduce  to  English  readers,  consists  of 
translations  of  the  principal  volumes  of  the 
''  Horizon  "  Collection  which  has  been  appropriately 
named  after  the  uniform  of  the  French  soldier. 

The  views  of  great  authorities,  who  derive 
their  knowledge  from  extensive  first-hand  practical 
experience  gained  in  the  field  cannot  fail  to 
serve  as  a  most  valuable  asset  to  the  less  experienced, 
and  must  do  much  to  enable  them  to  derive 
the  utmost  value  from  the  experience  which  will, 
in  time,  be  theirs.  The  series  covers  the 
whole  field  of  war  surgery  and  medicine,  and 
its  predominating  note  is  the  exhaustive,  practical 
and  up-to-date  manner  in  which  it  is  handled. 
It  is  marked  throughout  not  only  by  a  wealth 
of  detail,  but  by  clearness  of  view  and  logical 
sequence  of  thought.  Its  study  will  convince  the 
reader  that,  great  as  have  been  the  advances  in  all 
departments  in  the  services  during  this  war,  the  pro- 
gress made  in  the  medical  branch  may  fairly  chal- 
lenge comparison  with  that  in  any  other,  and  that  not 
the  least  among  the  services  rendered  by  our  great 
Ally,  France,  to  the  common  cause,  is  this  brilliant 
contribution  to  our  professional  knowledge. 
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THE    TREATMENT   OF 
INFECTED    WOUNDS 

By  A.  CARREL  and  G.  DEHELLY.  Trans- 
lated by  HERBERT  CHILD,  Capt.  R.A.M.C, 
with  Introduction  by  Sir  ANTHONY  A. 
BOWLBY,      K.C.M.G.,     K.C.V.O.,     F.R.C.S., 

Surgeon-General  Army  Medical  Service.  With 
97  illustrations  in  the  text  and  six  plates.  Price, 
5^.  net.     Postage  5^.  extra. 

"Is  as  fine  an  example  of  correlated  work  on  the  part  of  the 
chemist,  the  bacteriologist,  and  the  clinician  as  could  well  be 
wished  for,  and  bids  fair  to  become  epoch-making  in  the 
treatment  of  septic  wounds. 

"  I  am  glad  to  take  the  opportunity  of  expressing  the  ap- 
preciation of  British  Surgeons  at  the  Front  of  the  value  of 
what  is  known  to  us  as  Carrel's  method.  The  book  itself  will 
be  found  to  convey  in  the  clearest  manner  the  knowledge  of 
those  details  which  have  been  so  carefully  elaborated  by  the 
patient  work  of  two  years'  experience,  but  it  is  only  by  scrupulous 
attention  to  every  detail  that  the  best  results  will  be  obtained  .  .  . 

"The  utility  of  Carrel's  method  is  not  confined  to  recent  wounds, 
and  in  the  following  pages  those  surgeons  who  are  treating 
the  wounded  in  Great  Britain  will  find  all  the  necessary  in- 
formation for  the  treatment  of  both  healthy  and  suppurating 
wounds." — From  Sir  Anthony  Bowlbys  Introduction. 

This  volume  is  included  by  arrangement  with  Messrs.  Bailliere,  Tindall  and  Cox. 
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THE  PSYCHONEUROSES  OF  WAR 

By  Dr.  G.  ROUSSY,  Assistant  Professor  in  the 
Faculty  of  Medicine,  Paris,  and  J.  LHERMITTE, 
sometime  Laboratory  Director  in  the  Faculty 
of  Medicine,  Paris.  Edited  by  Colonel  WIL- 
LIAM ALDREN  TURNER,  C.B.,  M.D.,  and 
Consulting  Neurologist  to  the  Forces  in  Eng- 
land. Translated  by  WILFRED  B.  CHRIS- 
TOPHERSON.  With  13  full-page  plates. 
Price,  6s.  net.     Postage  5^.  extra. 

T/te  Psychoneuroses  of  War  being  a  book  which  is  addressed 
to  the  clinician,  the  authors  have  endeavoured,  before  all  else, 
to  present  an  exact  semeiology,  and  to  give  their  work  a  didactic 
character. 

After  describing  the  general  idea  of  the  psychoneuroses  and 
the  methods  by  which  they  are  produced,  the  authors  survey 
the  various  clinical  disorders  which  have  been  observed  dur- 
ing the  War,  beginning  with  elementary  motor  disturbances 
and  passing  on  through  sensory  disorders  and  disorders  of 
the  special  senses  to  disturbances  of  a  purely  psychical  char- 
acter. Under  the  motor  system,  affections  such  as  paraplegia, 
the  tics  and  disturbances  of  locomotion  are  detailed;  under 
the  sensory  system,  pains  and  anaesthesias  are  passed  in  re- 
view ;  under  disorders  of  the  special  senses,  deafness  and 
blindness  are  studied  ;  then  follows  a  detailed  account  of  the 
visceral  symptoms  and  finally  some  types  of  nervous  attacks 
and  lastly  the  psychical  disorders. 

A  special  chapter  is  given  to  a  consideration  of  cerebral 
concussion  and  a  review  of  the  symptoms  following  the  ex- 
plosion of  shells  in  close  proximity  to  the  soldier.  The  book 
ends  with  a  survey  of  the  general  etiology  of  the  psycho- 
neuroses of  war,  the  methods  of  treatment  adopted  and  used 
successfully  by  the  authors,  and  finally  the  points  bearing 
upon  the  invaliding  of  the  soldier  and  his  discharge  from  the 
Army. 
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THE    CLINICAL    FORMS     OF 
NERVE     LESIONS 

By  Mme.  ATHANASSIO  BENISTY,  House 
Physician  of  the  Hospitals  of  Paris  (Salpetriere), 
with  a  Preface  by  Prof.  PIERRE  MARIE. 
Edited  with  a  Preface  by  E.  FARQUHAR 
BUZZARD,  M.D.,  F.R.C.P.,  Captain 
R.A.M.C.T.,  etc.  With  8i  illustrations  in  the 
text,  and  .  7  full-page  plates.  Price,  6s,  net. 
Postage  5^.  extra. 

In  this  volume  will  be  found  described  some  of  the  most  recent 
acquisitions  to  our  knowledge  of  the  neurology  of  war.  But  its 
principal  aim  is  to  initiate  the  medical  man  who  is  not  a 
specialist  into  the  examination  of  nerve  injuries.  He  will 
quickly  learn  how  to  recognise  the  nervous  territory  affected,  and 
the  development  of  the  various  clinical  features  ;  he  will  be  in  a 
position  to  pronounce  a  precise  diagnosis,  and  to  foresee  the 
consequences  of  this  or  that  lesion.  In  this  way  his  task  as 
military  physician  will  be  facilitated. 

With  this  end  in  view  considerable  space  has  been  devoted  to 
the  illustrations,  which  are  intended  to  remind  the  physician 
of  the  indispensable  anatomical  elements,  and  the  most  striking 
clinical  pictures.  Numerous  diagrams  in  black  and  white 
enable  him  to  effect  the  essential  work  of  localisation.  The 
diagnosis  of  nervous  lesions  is  thus  facilitated. 

A  second  volume  will  be  devoted  to  the  study  of  the  lesions 
themselves,  together  with  their  restoration^  and  all  the  methods 
of  treatment  which  are  applicable  to  such  lesions.  This  will 
appear  immediately. 

Together  these  volumes  will  represent  a  complete  epitome  of 
one  of  the  principal  departments  of  *'  war  neurology." 
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THE    TREATMENT   AND    REPAIR 
OF  NERVE  LESIONS 

By  Mme.  ATHANASSIO  BENISTY,  House 
Physician  of  the  Hospitals  of  Paris,  with  a  Preface 
by  Professor  PIERRE  MARIE,  Members  of  the 
French  Academy  of-  Medicine.  Edited  by  E. 
FARQUHAR  BUZZARD,  M.D.,  F.R.C.P., 
Captain  R.A.M.C.T.,  etc.  With  62  illustrations 
in  the  text  and  4  full-page  plates.  Price,  6^.  net. 
Postage  5^.  extra. 

The  other  book  pubHshed  by  Mme.  Atharfassio  Benisty, 
which  was  devoted  to  the  Clinical  Features  of  Injured 
Nerves^  explained  the  method  of  examination,  and  the 
indications  which  enable  one  to  differentiate  the  injuries  of 
the  peripheral  nerves.  It  is  a  higKly  practical  guide,  which 
initiates  in  the  diagnosis  of  nervous  lesions  those  physicians 
who  have  not  hitherto  made  a  special  study  of  these  questions. 
—  This  second  volume  is  the  necessary  complement  of  the 
first.  It  explains  the  nature  of  the  lesions,  their  mode 
of  repair,  their  prognosis,  and  above  all  their  treatment.  It 
provides  a  series  of  particularly  useful  data  as  to  the  evolution 
of  nerve-wounds — the  opportunities  of  intervention — and  the 
prognosis   of  immediate   complications  or  late   sequelae. 

But  it  is  especially  the  application  of  prosthesis  which  constitutes 
the  principal  therapeutical  innovation  by  which  our  "nerve 
cases "  have  benefited.  All  these  methods  of  treatment  ought 
to  be  made  commonly  known,  and  a  large  space  has  been 
reserved  for  them  in  this  volume,  which  will  not  only  furnish  an 
important  contribution  to  the  science  of  neurology,  but  will 
enable  the  medical  profession  to  profit  by  the  knowledge 
recently  acquired  in  respect  of  the  diagnosis,  prognosis,  and 
treatment  of  nerve-wounds. 
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THE  TREATMENT  OF  FRACTURES 

By.  R.  LERICHE,  Assistant  Professor  of  the 
Faculty  of  Medicine,  Lyons.  Edited  by  F.  F. 
BURGHARD,  C.B.,  M.S.,  F.R.C.S.  Formerly 
Consulting  Surgeon  to  the  Forces  in  France. 

Vol.  I.     FRACTURES  INVOLVING  JOINTS. 

With  97  illustrations  from  original  and  specially 
prepared  drawings.  Price^  6s.  net.  Postage  5<^. 
extra. 

The  author's  primary  object  has  been  to  produce  a  handbook  of 
surgical  therapeutics.  But  surgical  therapeutics  does  not  mean 
merely  the  technique  of  operation.  Technique  is,  and  should 
be,  only  a  part  of  surgery,  especially  at  the  present  time.  The 
purely  operative  surgeon  is  a  very  incomplete  surgeon  in  time  of 
peace  ;  "  in  time  of  war  he  becomes  a  public  disaster ;  for  opera- 
tion is  only  the  first  act  of  the  first  dressing." 

For  this  reason  Prof.  Leriche  has  cast  this  book  in  the  form  of  a 
compendium  of  articular  therapeutics,  in  which  is  indicated,  for 
each  joint,  the  manner  of  conducting  the  treatment  in  the 
different  stages  of  the  development  of  the  wound.  In  order  to 
emphasize  their  different  periods  he  has  described  for  each 
articulation  : 

I.  The  anatomical  types  of  articular  wounds  and  their  clinical 
development.— 2.  The  indications  for  immediate  treatment  at 
the  front. — 3.  The  technical  indications  necessary  for  a  good 
functional  result.— 4.  Post-operative  treatment.  —  5.  The  con- 
ditions governing  evacuation.— 6.  The  treatment  of  patients 
who  come  under  observation  at  a  late  period. 
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By  R.  LERICHE,  Assistant  Professor  in  the 
Faculty  of  Medicine,  Lyons.  Edited  by  F.  F. 
BURGHARD,  C.B.,  M.S.,  F.R.C.S.     Formerly 

Consulting  Surgeon  to  the  Forces  in  France. 

Vol.  IL  FRACTURES  OF  THE  SHAFT.  With 
156  illustrations  from  original  and  specially  pre- 
pared drawings.    Price,  6s.  net.    Postage  5^.  extra. 

Vol.  I.  of  this  work  was  devoted  to  Fractures  involving  Joints ; 
Vol.  II.  (which  completes  the  Avork)  treats  of  Fractures  of 
the  Shafts  and  is  conceived  in  the  same  spirit— that  is,  with 
a  view  to  the  production  of  a  work  on  conservative  surgical 
therapeutics. 

The  author  strives  on  every  page  to  develop  the  idea  that 
anatomical  conservation  must  not  be  confounded  with  func- 
tional conservation.  The  two  things  are  not  so  closely  allied 
as  is  supposed.  There  is  no  conservative  surgery  save  where 
the  function  is  conserved.  The  essential  point  of  the  treatment 
of  diaphysial  fractures  consists  in  the  early  operative  disin- 
fection, primary  or  secondary,  by  an  extensive  sub-periqsteal 
removal  of  fragments,  based  on  exact  physiological  knowledge, 
and  in  conformity  with  the  general  method  of  treating  wounds 
by  excision.  When  this  operation  has  been  carefully  performed 
with  the  aid  of  the  rugine,  with  .the  object  of  separating  and 
retaining  the  periosteum  of  all  that  the  surgeon  considers  should 
be  removed,  the  fracture  must  be  correctly  reduced  and  the 
limb  immobilized. 

For  each  kind  of  fracture  the  author  has  given  various  methods 
of  immobilization,  and  examines  in  succession  :  the  anatomical 
peculiarities — the  physiological  peculiarities — the  clinical  course 
—the  indications  for  early  treatment— the  technical  steps  of 
the  operations — and  the  treatment  of  those  who  only  come 
under  observation  at  a  late  period. 
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FRACTURES  OF  THE  LOWER  JAW 

By  L.  IMBERT,  National  Correspondent  of 
the  Soci6t6  de  Chlrurgie,  and  PIERRE  REAL, 
Dentist  to  the  Hospitals  of  Paris.  With  a  Preface 
by  Medical  Inspector-General  FEVRIER.  Edited 
by  J.  F.  COLYER,  F.R.C.S.,  L.R.C.P.,  L.D.S. 
With  97  illustrations  in  the  text  and  5  full- 
page  plates.     Price,  6s.  net.     Postage  ^d.  extra. 

Previous  to  the  present  war  no  stomatologist  or  surgeon 
possessed  any  very  extensive  experience  of  this  subject.  Claude 
Martin,  of  Lyons,  who.  perhaps  gave  more  attention  to  it  than 
anyone  else,  aimed  particularly  at  the  restoration  of  the 
occlusion  of  the  teeth,  even  at  the  risk  of  obtaining  only 
fibrous  union  of  the  jaw.  The  authors  of  the  present  volume 
take  the  contrary  view,  maintaining  that  consolidation  of 
the  fracture  is  above  all  the  result  to  be  attained.  The 
authors  give  a  clear  account  of  the  various  displacements 
met  with  in  gunshot  injuries  of  the  jaw  and  of  the  methods 
of  treatment   adopted,  the  latter   being  very  fully   illustrated. 

In  this  volume  the  reader  will  find  a  hundred  original  illus- 
trations, which  will  enable  him  to  follow,  at  a  glance,  the 
various  techniques  employed. 
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FRACTURES  OF  THE  ORBIT  AND 
INJURIES   OF   THE    EYE    IN    WAR 

By  FELIX  LAGRANGE,  Professor  in  the 
Faculty  of  Medicine,  Bordeaux.  Translated  by 
HERBERT  CHILD,  Captain  R.A.M.C.  Edited 
by  J.  HERBERT   PARSONS,  D.Sc,  F.R.C.S., 

Temp.  Captain  R.A.M.C.  With  77  illustrations 
in  the  text  and  6  full-page  plates.  Price, 
6s.  net.     Postage  5^.   extra. 

Grounding  his  remarks  on  a  considerable  number  of  obser- 
vations, Professor  Lagrange  arrives  at  certain  conclusions 
which  at  many  points  contradict  or  complete  what  we  have 
hitherto  believed  concerning  the  fractures  of  the  orbit  :  for 
instance,  that  tra,umatisms  of  the  skull  caused  by  fire-arms 
produce,  on  the  vault  of  the  orbit,  neither  fractures  by  irradia- 
tion nor  independent  fractures  ;  that  serious  lesions  of  the  eye 
may  often  occur  when  the  projectile  has  passed  at  some 
distance  from  it.  There  are,  moreover,  between  the  seat  of 
these  lesions  (due  to  concussion  or  contact)  on  the  one  hand, 
and  the  course  of  the  projectile  on  the  other  hand,  constant 
relations  which  are  veritable  clinical  laws,  the  exposition 
of  which  is  a  highly  original  feature  in  this  volume. 

The  book  is  thus  far  more  than  a  mere  "document,"  or  a 
collection  of  notes,  though  it  may  appear  both  ;  it  is,  on  the 
contrary,  an  essay  in  synthesis,  a  compendium  in  the  true 
sense  of  the  word. 
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HYSTERIA   OR  PITHIATISM,  AND 
REFLEX  NERVOUS  DISORDERS 

By  J.  BABINSKI,  Member  of  the  French 
Academy  of  Medicme,  and  J.  FROMENT, 
Assistant  Professor  and  Physician  to  the  Hospitals 
of    Lyons.  Edited    with    a    Preface    by    E. 

FARQUHAR  BUZZARD,  M.D.,  F.R.C.P., 
Captain  R.A.M.C.T.,  etc.  With  37  illustra- 
tions in  the  text  and  8  full-page  plates.  Price, 
6s,  net.     Postage  5^.  extra. 

The  number  of  soldiers  affected  by  hysterical  disorders  is 
great,  and  many  of  them  have  been  immobilized  for  months 
in  hospital,  in  the  absence  of  a  correct  diagnosis  and  the 
application  of  a  treatment  appropriate  to  their  case.  A  precise, 
thoroughly  documented  work  on  hysteria,  based  on  the 
numerous  cases  observed  during  two  years  of  war,  was 
therefore  a  necessity  under  present  conditions.  Moreover, 
it  was  desirable,  after  the  discussions  and  the  polemics  of 
which  this  question  has  been  the  subject,  to  inquire  whether 
we  ought  to  return  to  the  old  conception,  or  whether,  on  the 
other  hand,  we  might  not  finally  adopt  the  modern  conception 
which  refers  hysteria  to  pithiatism. 

This  book,  then,  brings  to  a  focus  questions  which  have  been 
especially  debated  ;  it  does  not  appeal  exclusively  to  the 
neurologist,  but  to  all  those  who,  confronted  by  paralysis 
or  post-traumatic  contractures,  convulsive  attacks,  or  deafness 
provoked  by  the  bursting  of  shells,  have  to  grapple  with  the 
difficulties  of  diagnosis  and  ask  themselves  what  treatment 
should  be  instituted.  In  it  will  be  found  all  the  indications 
which  are  necessary  to  the  military  physician,  summarized  as 
concisely  as  is  possible  in  a  few  pages  and  a  few  illustrations. 
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WOUNDS  OF  THE  SKULL  AND 
THE  BRAIN^  Clinical  forms  and 
medico-surgical  treatment. 

By  C.  CHATELIN,  and  T.  De  MARTEL. 
With  a  Preface  by  Professor  PIERRE  MARIE. 
Edited  by  F.  F.  BURGHARD,  C.B.,  M.S., 
F.R.C.S.  Formerly  Consulting  Surgeon  to  the 
Forces  in  France.  With  97  illustrations  in  the 
text,  and  2  full-size  plates.  Price,  6s.  net. 
Postage  6d.  extra. 

Of  all  the  medical  works  which  have  appeared  during  the  war, 
this  is  certainly  one  of  the  most  original,  both  in  form  and  in 
matter.     It  is,  at  ail  events,  one  of  the  most  individual. 

The  authors  have  preferred  to  give  only  the  results  of  their  own 
experience,  and  if  their  conclusions  are  not  always  in  conformity 
with  those  generally  accepted,  this,  as  Professor  Pierre  Marie 
states  in  his  Preface,  is  because  important  advances  have  been 
made  during  the  last  two  years;  and  of  this  the  publication  of 
this  volume  is  the  best  evidence. 

Thanks  to  the  method  of  radiographing  the  convolutions  after 
filling  the  furrows,  which  has  become  sufficiently  exact  to  be  of 
real  service  to  the  clinician,  the  authors  have  been  able 
to  work  out  a  complete  and  novel  cerebral  pathology,  which 
presented  itself  in  lamentable  abundance  in  the  course  of  their 
duties,  which  enabled  them  to  examine  and  give  continued 
attention  to  many  thousands  of  cases  of  head  injuries. 

Physicians  and  surgeons  will  read  these  pages  with  profit. 
They  are  pages  whose  substance  is  quickly  grasped,  which  are 
devoid  of  any  display  of  erudition,  and  which  are  accompanied 
by  numerous  original  illustrations. 
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LOCALISATION  AND  EXTRACTION 
OF  PROJECTILES 

By  Assistant-Professor  OMBREDANNE,  of  the 
Faculty  of  Medicine,  Paris,  and  M.  LEDOUX- 
LEBARD,  Director  of  the  Laboratory  of  Radi- 
ology of  the  Hospitals  of  Paris.  Edited  by 
A.  D.  REID,  C.M.G.,  M.R.C.S.,  L.R.C.P., 
Major  (Temp.)  R.A.M.C.,  with  a  Preface  on 
Extraction  of  the  Globe  of  the  Eye,  by  Colonel 
W.  T.  LISTER,  C.M.G.  With  225  illustrations 
in  the  text  and  30  full-page  photographs.  Price, 
los.  6d.  net.     Postage  6d.  extra. 

Though  intentionally  elementary  in  appearance,  this  com- 
pendium is  in  reality  a  complete  treatise  concerning  the 
localisation  and  extraction  of  projectiles.  It  appeals  to 
surgeons  no  less  than  to  radiologists. 

It  is  a  summary  and  statement — and  perhaps  it  is  the  only 
summary  recently  published  in  French  medical  literature — of 
all  the  progress  effected  by  surgery  during  the  last  two  and 
a  half  years. 

MM.  Ombrcdanne  and  Ledoux-Lebard  have  not,  however, 
attempted  to  describe  all  the  methods  in  use,  whether  old  or 
new.  They  have  rightly  preferred  to  make  a  critical  selection, 
and — after  an  exposition  of  all  the  indispensable  principles  of 
radiological  physics— they  examine,  in  detail,  all  those  methods 
which  are  typical,  convenient,  exact,  rapid,  or  interesting  by 
reason  of  their  originality  :  the  technique  of  localisation,  the 
compass,  and  various  adjustments  and  forms  of  apparatus.  A 
considerable  space  is  devoted  to  the  explanation  of  the  method 
of  extraction  by  means  of  intermittent  control^  in  which  the 
complete  superiority  of  radio-surgical  collaboration  is 
demonstrated. 

Special  attention  is  drawn  to  the  fact  that  the  numerous  illus- 
trations contained  in  this  volume  (225  illustrations  in  the 
text  and   30  full-page  photographs)  are  entirely  original. 
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WOUNDS  OF  THE  ABDOMEN 

By  G.  ABADIE  (of  Oran),  National  Corre- 
spondent of  the  Societe  de  Chirurgie.  With  a 
Preface  by  Dr.  J.  L.  FAURE.  Edited  by  Sir 
ARBUTHNOT  LANE,  Bart.,  C.B.,  M.S., 
Colonel  (Temp.),  Consulting  Surgeon  to  the 
Forces  in  England.  With  67  illustrations  in  the 
text  and  4  full-page  plates.  Price,  6s,  net. 
Postage  5^.  extra. 

Dr.  Abadie,  who,  thanks  to  his  past  surgical  experience  and 
vaiious  other  circumstances,  has  been  enabled,  at  all  the  stations 
of  the  army  service  departments,  to  weigh  the  value  of  methods 
and  results,  considers  the  following  problems  in  this  volume, 
dealing  with  them  in  the  most  vigorous  manner  : 

1.  How  to  decide  zvhat  is  the  best  treatment  in  the  case  of 
penetrating  wounds  of  the  abdomen. 

2.  How  to  instal  the  material  organisation  which  permits  of 
the  application  of  this  treatment ;  and  how  to  recognize 
those  conditions  which  prevent  its  application. 

3.  How  to  decide  exactly  what  to  do  in  each  special  case ; 
whether  one  should  perform  a  radical  operation,  or  a 
palliative  operation,  or  whether  one  should  resort  to  medical 
treatment. 

This  volume,  therefore,  considers  the  penetrating  wounds  of  the 
abdomen  encountered  in  our  armies  under  the  triple  aspect  of 
doctrine,  organisation^  and  technique. 

We  may  add  that  it  contains  nearly  70  illustrations,  and  the 
reproductions  of  sketches  specially  made  by  the  author,  or 
photographs  taken  by  him. 
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WOUNDS  OF  THE  BLOOD- 
VESSELS 

By  L.  SENCERT,  Assistant  Professor  in  the 
Faculty  of  Medicine,  Nancy.  '  Edited  by  F.  F. 
BURGH ARD,  C.B.,  M.S.,  F.R.C.S.  Formerly 
Consulting  Surgeon  to  the  Forces  in  France. 
With  68  illustrations  in  the  text  and  2  full-page 
plates.     Price,  6s.   net.     Postage  5<^.  extra. 

Hospital  practice  had  long  familiarised  us  with  the  vascular 
wounds  of  civil  practice,  and  the  experiments  of  the  Val-de- 
Grace  School  of  Medicine  had  shewn  us  what  the  wounds  of 
the  blood-vessels  caused  by  modern  projectiles  would  be  in  the 
next  war.  But  in  19 14  these  datft  lacked  the  ratification  of 
extensive  practice.  Two  years  have  elapsed,  and  we  have 
henceforth  solid  foundations  on  which  to  establish  our  treat- 
ment. This  manual  gathers  up  the  lessons  of  these  two  years, 
and  erects  them  into  a  doctrine. 

In  a  first  part,  Prof.  Sencert  examines  the  wounds  of  the  great 
vessels  in  general ;  in  a  second  part  he  rapidly  surveys  the 
wounds  of  the  vascular  trunks  in  particular,  insisting  on  the 
problems  of  operation  to  which  they  give  rise. 
"  I  should  like  it  to  be  clearly  understood,"  he  concludes,  "  that 
the  surgery  of  the  blood-vessels  is  only  a  particular  case  of  the 
general  surger}'^  of  wounds  received  in  war.  There  is  only  one 
war  surgery  :  the  immediate  operative  surgery  which  we  have 
been  learning  for  the  last  two  years. 

"  This  rule  is  never  more  imperative  than  in  the  case  of 
vascular  wounds.  Early  operation  alone  prevents  deferred  and 
secondary  haemorrhage  ;  early  operation  alone  can  prevent 
the  complications  which  are  so  peculiarly  liable  to  result  from 
the  effusion  of  blood  in  the  tissues ;  early  operation  alone  can 
obviate  subsequent  complications.  Here,  as  everywhere,  the 
true  and  useful  surgery  is  a  surgery  of  prophylaxis." 
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THE  AFTER-EFFECTS  OF 
WOUNDS  OF  THE  BONES 
AND  JOINTS 

By  AUG.  BROCA,  Professor  of  Topographical 
Anatomy  in  the  Faculty  of  Medicine,  Paris. 
Translated  by  J.  RENFREW  WHITE,  M.B., 
F.R.C.S.,Temp.  Captain  R.A.M.C.,and  edited  by 
R.  C.  ELMSLIE,  M.S.,  F.R.C.S.;  Orthopedic 
Surgeon  to  St.  Bartholomew's  Hospital,  and 
Surgeon  to  Queen  Mary's  Auxiliary  Hospital, 
Roehampton  ;  Major  R.A.M.C.T.  With  112 
illustrations  in  the  text.  Price,  6s.  net.  Postage 
5^.  extra. 

This  new  work,  like  all  books  by  the  same  author,  is  a  vital 
and  personal  work,  conceived  with  a  didactic  intention. 
At  a  time  when  all  physicians  are  dealing,  or  will  shortly  have 
to  deal,  with  the  after-effects  of  wounds  received  in  war,  the 
question  of  sequelae  presents  itself,  and  will  present  itself 
more  and  more. 

What  has  become — and  what  will  become — of  all  those  who, 
in  the  hospitals  at  the  front  or  in  the  rear,  have  hastily  re- 
ceived initial  treatment,  and  what  is  to  be  done  to  complete 
a  treatment  often  inaugurated  under  difficult   circumstances? 

This  volume  successively  passes  in  review  :  vicious  calluses — 
prolonged  and  traumatic  osteo-myelitis  (infected  stumps) — 
articular  and  musculo-tendinous  complications — and  "dis- 
solving "  calluses — terminating  by  considerations  of  a  practical 
nature  as  to  discharged  cases. 

Profusely  illustrated  under  the  immediate  supervision  of  Pro- 
fessor Broca,  this  volume  contains  112  figures,  all  executed  by 
an  original  process. 
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ARTIFICIAL   LIMBS 

By  A.  BROCA,  Professor  in  the  Faculty  of 
Medicine,  Paris,  and  Dr.  DUCROQUET, 
Surgeon  at  the  Rothschild  Hospital.  Edited  and 
translated  by  R.  C.  ELMSLIE,  M.S.,  F.R.C.S., 
etc.  ;  Orthopaedic  Surgeon  to  St.  Bartholomew's 
Hospital,  and  Surgeon  to  Queen  Mary's  Auxi- 
liary Hospital,  Roehampton  ;  Major  R.A.M.C.T. 
With  2IO  illustrations.  Price,  6s.  Postage  5^. 
extra. 

The  authors  of  this  book  have  sought  not  to  describe  this  or 
that  piece  of  apparatus — more  or  less  "  new-fangled  " — but  to 
explain  the  anatomical,  physiological,  practical  and  technical 
conditions  which  an  artificial  arm  or  leg  should  fulfil. 
It  is,  if  we  may  so  call  it,  a  manual  of  applied  inechanics  written 
by  physicians,  who  have  constantly  kept  in  mind  the  anatomical 
conditions  and  the  professional  requirements  of  the  artificial 
hmb. 

Required,  during  the  last  two  years,  to  examine  and  equip  with 
appliances  hundreds  of  mutilated  soldiers,  the  authors  have 
been  inspired  by  this  guiding  idea,  that  the  functional  utilisation 
of  an  appliance  should  take  precedence  of  considerations  of 
external  form.  To  endeavour,  for  aesthetic  reasons,  to  give  all 
subjects  the  same  leg  or  the  same  arm  is  to  risk  disappoint- 
ment. The  mutilated  soldier  may  have  a  "show  hand"  and 
an  every-day  hand-implement. 

The  manufacturer  will  derive  no  less  profit  than  the  surgeon  or 
the  mutilated  soldier  himself  from  acquaintance  with  this 
compendium,  which  is  a,  substantial  and  abundantly  illustrated 
volume.  He  will  find  in  it  a  survey  and  a  reasoned  criticism  of 
mechanisms  which  notably  display  the  ingenuity  of  the  makers 
— ^from  the  wooden  "  peg  "  of  the  poor  man,  together  with  his 
"  best "  leg  and  foot,  to  the  artificial  Hmb  provided  with  the  very 
latest  improvements. 
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TYPHOID  FEVERS  AND  PARA- 
TYPHOID FEVERS  (Symptomatology, 
Etiology,  Prophylaxis) 

By  H.  VINCENT,  Medical  Inspector  of  the 
Army,  Member  of  the  Academy  of  Medicine,  and 
L.  MURATET,  Superintendent  of  the  Labora- 
tories at  the  Faculty  of  Medicine  of  Bordeaux. 
Second  Edition.  Translated  and  Edited  by  J.  D. 
ROLLESTON,  M.D.  With  tables  and  tempera- 
ture charts.      Price,  6s,  net.      Postage  5^.  extra. 

This  volume  is  divided  into  two  parts,  the  first  dealing  with 
the  clinical  features  and  the  second  with  the  epidemiology  and 
prophylaxis  of  typhoid  fever  and  paratyphoid  fevers  A  &  B. 
The  relative  advantages  of  a  restricted  and  liberal  diet  are 
discussed  in  the  chapter  on  treatment,  which  also  contains  a 
description  of  serum  therapy  and  vaccine  therapy,  and 
general  management  of  the  patient.  ' 

A  full  account  is  to  be  found  of  recent  progress  in  the  bac- 
teriology and  epidemiology  of  these  diseases,  considerable 
space  being  given  to  the  important  question  of  the  carrier 
in  the  dissemination  of  infection. 

The  excessive  frequency  of  typhoid  fever  in  war  time  is 
demonstrated  by  a  sketch  of  its  history  from  the  War  of 
Secession  of  1 861 -1866  down  to  the  present  day. 

The  concluding  chapter  is  devoted  to  preventive  inoculation, 
the  value  of  which  is  proved  by  the  statistics  of  all  countries 
in  which  it  has  been  adopted. 
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DYSENTERIES,  CHOLERA,  AND 
EXANTHEMATIC  TYPHUS 

By  H.  VINCENT,  Medical  Inspector  of  the 
Army,  Member  of  the  Academy  of  Medicine, 
and  L.  MURATET,  Director  of  Studies  in 
the  Faculty  of  Medicine,  Bordeaux.  With  an 
Introduction  by  Lt.  Col.  ANDREW  BALFOUR, 
C.M.G,,  M.D.  Edited  by  GEORGE  C.  LOW, 
M.A.,  M.D.,  Temp.  Captain  LM.S.  Price, 
6s,  net.     Postage  ^d.  extra. 

This,  the  second  of  the  volumes  which  Professor  Vincent  and 
Dr.  Muratet  have  written  for  this  Series,  was  planned,  Hke  the 
first,  in  the  laboratory  of  Val-de-Gr^ce,  and  has  profited  both 
by  the  personal  experience  of  the  authors  and  by  a  mass  of 
recorded  data  which  the  latter  years  of  warfare  have  very 
greatly  enriched.  It  will  be  all  the  more  welcome  as  hitherto 
there  lias  existed  no  comprehensive  handbook  treating  these 
great  epidemic  diseases  from  a  didactic  point  of  view.  The 
articles  scattered  through  the  reviews,  or  memoirs  buried  in 
the  large  treatises,  did  not  respond  to  the  need  which  was 
felt  by  the  military  physician,  in  France  as  well  as  in  distant 
expeditions,  of  a  work  which  should  bring  to  a  common  focus 
a  number  of  questions  which  were,  in  general,  very  imperfectly 
understood. 

The  authors  review,  in  succession,  the  Clinical  details^  the  Epide- 
miology, and  Prophylaxis  of  Dysenteries^  Cholera^  and  Typhus. 
In  the  section  dealing  with  Prophylaxis^  in  particular,  will  be 
found  practical  advice  as  to  the  special  hygiene  possible  in  the 
case  of  large  collections  of  people  placed  in  conditions 
favourable  to  the  development  of  these  diseases. 
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ABNORMAL  FORMS  OF  TETANUS 

By  MM.  COURTOIS-SUFFIT,  Physician  of 
the  Hospitals  of  Paris,  and  R.  GIROUX, 
Resident  Professor.  With  a  Preface  by  Professor 
F.  WIDAL.  Edited  by  Surgeon- General  Sir 
DAVID  BRUCE,  C.B.,  F.R.S.,LL.D.,  F.R.C.P., 
etc.,  and  FREDERICK  GOLLA,  M.B.  Price, 
6s,  net.      Postage  ^d,  extra. 

Of  all  the  infections  which  threaten  our  wounded  men,  tetanus 
is  that  which,  thanks  to  serotherapy,  we  are  best  able  to  prevent. 
But  serotherapy,  when  it  is  late  and  insufficient,  may,  on  the 
other  hand,  tend  to  create  a  special  type  of  attenuated  and 
localised  tetanus  ;  in  this  form  the  contractions  are  as  a  general 
rule  confined  to  a  single  limb.  This  type,  however,  does 
not  always  remain  strictly  monoplegic  ;  and  if  examples  of  such 
cases  are  rare  this  is  doubtless  because  physicians  are  not  as 
yet  very  well  aware  of  their  existence. 

We  owe  to  MM.  Courtois-Suffit  and  R.  Giroux  one  of  the  first 
and  most  important  observations  of  this  new  type  ;  so  that  no 
one  was  better  qualified  to  define  its  characteristics.  This  they 
have  done  in  a  remarkable  manner,  supporting  their  remarks  by 
all  the  documents  hitherto  published,  first  expounding  the 
characteristics  which  individualise  the  other  atypical  and  partial 
types  of  tetanus,  which  have  long  been  recognized. 

The  preventive  action  of  anti-tetanic  serum  should  not  cause  us 
to  disregard  its  curative  action,  the  value  of  which  is  incontest- 
able. However,  a  specific  remedy,  even  when  a  powerful 
specific,  cannot  act  upon  all  the  complex  elements  which 
constitute  a  disease  ;  and  tetanus  presents  itself,  in  the  first 
place,  as  an  affection  of  the  nervous  system.  To  contend  with 
it,  therefore,  a  symptomatic  medication  should  come  to  the  aid 
of  a  pathogenic  medication. — Professor  Widal. 
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SYPHILIS  AND  THE  ARMY 

By  G.  THIBIERGE,  Physician  of  the  Hopital 
Saint-Louis.  Edited  by  C.  F.  MARSHALL, 
F.R.C.S.     Price,  6^.  net.     Postage  ^d.  extra. 

It  seemed,  with  reason,  to  the  editors  of  this  series  that  room 
should  be  found  in  it  for  a  work  deaHng  with  syphiHs  considered 
with  reference  to  the  army  and  the  present  war. 

The  frequency  of  this  infection  in  the  army,  among  the  workers 
in  munition  factories,  and  in  the  midst  of  the  civil  population 
where  this  is  in  contact  with  soldiers  and  mobilized  workers, 
makes  it,  at  the  present  time,  a  true  epidemic  disease,  and  one 
of  the  most  widespread  of  epidemic  diseases. 

Dr.  Thibierge,  whose  previous  labours  guarantee  his  peculiar 
competence  in  these  difficult  and  important  questions,  has,  in 
writing  this  manual,  very  notably  assisted  in  this  work. 

But  the  treatment  of  syphilis  has,  during  the  last  six  years, 
undergone  considerable  modifications  ;  the  new  methods  are 
not  yet  very  familiar  to  all  physicians  ;  and  certain  details  may 
no  longer  be  present  to  their  minds.  It  was  therefore  opportune 
to  survey  the  different  methods  of  treatment,  to  specify  their 
indications,  and  their  occasionally  difficult  technique,  which  is 
always  important  if  complications  are  to  be  avoided.  It  was 
necessary  before  all  to  state  precisely  and  to  retrace,  for  all 
those  who  have  been  unable  to  follow  the  recent  progress  of  the 
therapeutics  of  venereal  diseases,  the  characters  and  the 
diagnostic  elements  of  the  manifestations  of  syphilis. 

Of  late  years,  moreover,  new  methods  of  examination  have 
entered  into  syphilitic  practice,  and  these  were  such  as  to  merit 
exposition  while  the  old  elements  of  diagnosis  were  recalled  to 
the  memory. 

In  short,  this  little  volume  contains  those  essentials  which  will 
enable  the  physician  to  accomplish  the  entire  medical  portion  of 
his  anti-syphilitic  labours  ;  it  will  also  provide  him  with  the 
elements  of  all  the  medical  and  extra-medical  advice  which  he 
may  have  to  give  the  civil  and  military  authorities  in  order 
to  arrive  at  an  effective  prophylaxis  of  this  disease. 

It  is  therefore  a  real  practical  guide,  2i  vade-7necuin  ofsyphili- 
graphy  for  the  use  of  civil  or  military  physicians. 
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WAR  OTITIS  AND  WAR  DEAF- 
NESS. Diagnosis,  Treatment,  Medical 
Reports. 

By  Drs.  H.  BOURGEOIS,  Oto-rhino-laryngolo- 
gist  to  the  Paris  hospitals,  and  SOURDILLE, 
former  interne  of  the  Paris  hospitals.  Edited 
by  J.  DUNDAS  GRANT,  M.D.,  F.R.C.S. 
(Eng.);  Major,  R.A.M.C.,  President,  Special 
Aural  Board  (under  Ministry  of  Pensions). 
With  many  illustrations  in  the  text  and  full-page 
plates.     Price,  6s.  net.      Postage  5^.  extra. 

This  work  presents  the  special  aspects  of  inflammatory  affections 
of  the  ear  and  deafness,  as  they  occur  in  active  military  service. 
The  instructions  as  to  diagnosis  and  treatment  are  intended 
primarily  for  the  regimental  medical  officer.  The  sections 
dealing  with  medical  reports  {expertises)  on  the  valuation  of 
degrees  of  disablement  and  claims  to  discharge,  gratuity  or 
pension,  will  be  found  of  the  greatest  value  to  the  officers  of 
invaliding  boards. 
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MALARIA  : 

Clinical  and  Hasmatological  Features* 

Principles  of  Treatment* 

By  p.  ARMAND-DELILLE,  P.  ABRAMI, 
G.     PAISSEAU     and     HENRI     LEMAIRE. 

Preface  by  Prof.  LAVERAN,  Member  of  the 
Institute.  Edited  by  Sir  RONALD  ROSS,  K.C.B., 
F.R.S.,  LL.D.,  D.Sc,  Lieut-Col.  R.A.M.C. 
With  illustrations  and  a  coloured  plate.  6s.  net. 
Postage  5^.  extra. 

This  work  is  based  on  the  writers'  observations  on  malaria 
in  Macedonia  during  the  present  war  in  the  French  Army  of 
the  East.  A  special  interest  attaches  to  these  observations,  in 
that  a  considerable  portion  of  their  patients  had  never  had  any 
previous  attack.  The  disease  proved  to  be  one  of  exceptional 
gravity,  owing  to  the  exceptionally  large  numbers  of  the 
Anopheles  mosquitoes  and  the  malignant  nature  of  the  parasite 
(Plasmodium  falciparum).  Fortunately  an  ample  supply  of 
quinine  enabled  the  prophylactic  and  curative  treatment  to 
be  better  organised  than  in  previous  colonial  campaigns,  with 
the  result  that,  though  the  incidence  of  malaria  among  the 
troops  was  high,  the  mortality  was  exceptionally  low. 
Professor  Laveran,  who  vouches  for  this  book,  states  that  it 
will  be  found  to  contain  excellent  clinical  descriptions  and 
judicious  advice  as  to  treatment.  Chapters  on  parasitology 
and  the  laboratory  diagnosis  of  malaria  are  included. 


Further  volumes  for  this  series  are  under 
consideration,  and  future  announcement 
will    be   made   as  soon  as  possible. 
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DISEASES   OF   WOMEN 

By   THOMAS   GEORGE   STEVENS,   M.D., 

B.S.     (Lond.),      F.R.C.S.     (Eng.),       M.R.C.P. 

(Lond.)  ;     Obstetric    Surgeon,    with     charge    of 

out-patients,   St.    Mary's    Hospital,    Paddington ; 

Surgeon      (Gynaecological),     the     Hospital     for 

Women,  Soho  Square  ;  Physician  to  in-patients, 

Queen  Charlotte's  Lying-in  Hospital  ;  Examiner 

to    the    Central    Midwives'    Board.      With    202 

illustrations.      Price,  15^.  net.     Postage  6d.  extra. 

"...  The  whole  book  is  a  refreshingly  good  one  ;  there  is 
no  chapter  in  it  that  the  student  or  practitioner  can  read 
without  profit,  and  it  is  particularly  strong  in  its  pathology. 
The  illustrations  are  good,  and  the  plan  Dr.  Stevens  has 
adopted  of  reproducing  his  large  microphotographs  by  direct 
photography  upon  a  plate  exposed  in  the  rays  of  the  epidiascope 
is  certainly  a  success.  .  .  J* — La?icet. 

"  May  certainly  claim  to  be  regarded  as  a  good  textbook  in 

which   the   student  and  practitioner  will  find  much  valuable 

information.  .  .  . 

"The  manual   presents   a  genuine  attempt  to  deal  with  the 

subject  in  an  up-to-date  manner.  ... 

"The   author    has    handled    the    subject    rationally  and    the 

treatment  suggested   is   well  considered.      The    language    of 

the  book  is  concise,  it  is  well  printed,  and  the  text  interspersed 

by  numerous  illustrations,  which  are  not  only  interesting  but 

useful." — British  Medical  Journal. 
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MENTAL  DISEASES.  A  Text-book  of 
Psychiatry  for  Medical  Students  and 
Practitioners^ 

By  R.  H.  COLE,  M.D,  (Lond.),  M.R.C.P.  ; 
Physician  for  Mental  Diseases  to  St.  Mary's 
Hospital  ;  Examiner  in  Mental  Diseases  and 
Psychology,  University  of  London.  With  52 
illustrations  and  plates.  Price,  10s.  6d.  net. 
Postage  6d.  extra. 

"  There  is  a  breadth  of  view,  a  comprehensiveness  of  plan,  and 
a  surprising  completeness  of  detail  in  little  space,  and  its 
numerous  illustrations  and  plates  are  decidedly  good.  ...  A 
plain  and  very  readable  book,  and  of  special  service  to 
the  student  and  the  busy  practitioner."— /^i^r^^i^;/  of  Mental- 
Science. 

"The  details  of  general  treatment  and  management  of 
patients  suffering  from  various  forms  of  insanity  are  complete 
and  practical  .  .  .  excellently  illustrated." — British  Medical 
Journal. 

"  It  is  not  often  one  finds  a  book  which  one  does  not  think 
could  be  improved.  But  we  think  in  this  instance  such  a 
book  lies  before  us.  Dr.  Cole  has  treated  his  subject  very 
fully.  Apart  from  the  mere  classification  of  insanity  its 
diagnosis,  prognosis,  and  treatment,  he  gives  us  some  inter- 
esting information  concerning  sanity,  consciousness,  sleep, 
memory,  and  so  forth,  which  cannot  fail  to  be  of  value.  We 
can  cordially  recommend  this  book." — St.  Bartholomew's 
Hospital  Journal. 
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THE   MEDICAL   DISEASES   OF 
CHILDREN 

By  T.  R.  C.  WHIPHAM,  M.A.,  M.D.  (Oxon), 

M.R.C.P.  ;    Physician    to   the    Evelina   Hospital 

for     Sick    Children  ;      Assistant    Physician     and 

Physician-in-charge- of  the  Children's  Department 

at  the  Prince  of  Wales's  Hospital ;    Lecturer  on 

Diseases  of  Children   at  the  North-East  London 

Post-Graduate    College.      "With   67    illustrations. 

Price,   105.  6^.  net.     Postage  6d,  extra. 

"  This  new  work  on  the  Medical  Diseases  of  Children  is  a 
plain,  straightforward  account  of  the  common  complaints  to 
which  infants  and  young  children  are  subject.  ...  As  a  late 
Secretary,  and  always  an  active  member  of  the  Children's 
section  of  the  Royal  Society  of  Medicine,  the  Author  records  his 
experiences  in  these  associations  on  almost  every  page  of  his 
work.  .  .  .  Owing  to  its  general  accuracy  and  temperate  views, 
this  new  work  on  the  Medical  Diseases  of  Children  is  a 
perfectly  safe  work  to  put  into  the  hands  of  a  student." — Lancet. 

DISEASES   OF   THE   EAR,   NOSE, 
AND   THROAT 

By   GEORGE    NIXON    BIGGS,    M.B.,   B.S. 

(Durh.),  Consulting  Aural  Surgeon,  Evelina  Hos- 
pital for  Sick  Children  ;  Surgeon-in-charge,  Ear 
and  Throat  Department,  Royal  Waterloo  Hospital 
for  Women  and  Children  ;  Assistant  Surgeon, 
Ear  and  Throat  Department,  Seamen's  Hospital 
(Dreadnought)  Greenwich.  With  108  illustrations. 
Price,  io.f.  6d.  net.     Postage  6d.  extra. 

"  Intending  operators  will  hardly  find  a  book  with  more  lucid 
diagrams  than  those  in  this  volume,  while  their  frequency  enables 
the  steps  of  any  procedure  to  be  followed  with  a  facility  as  nearly 
equal  as  possible  to  that  of  actual  individual  inition.'^— Hospital. 
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LONDON  MEDICAL  PUBLICATIONS 
TREATMENT  AFTER  OPERATION 

By  WILLIAM  TURNER,  M.S.,  F.R.C.S., 
Lecturer  on  Clinical  Surgery,  London  School  of 
Clinical  Medicine  (Post-Graduate)  ;  Consulting 
Surgeon,  Royal  Hospital  for  Diseases  of  the 
Chest,  etc.  ;  and  E.  ROCK  CARLING,  B.S., 
F.R.C.S.,  Senior  Teacher  of  Operative  Surgery, 
London  School  of  Clinical  Medicine  (Post- 
Graduate)  ;  Surgeon  (in  charge  of  out-patients), 
Westminster  Hospital. 

With    A    CHAPTER    ON     THE     EYE 

by  L.  V.  CARGILL,  F.R.C.S.,  Senior  Oph- 
thalmic Surgeon  and  Lecturer  in  Ophthalmology, 
King's  College  Hospital  ;  Surgeon,  Royal  Eye 
Hospital.  With  illustrations  and  photographs. 
Price,   los.  Gd,  net.      Postage  6d.  extra. 

"...  A  very  practical  book  which  cannot  but  prove  of  the 
greatest  value  in  the  daily  work  of  the  practitioner.  In  this 
book  he  will  find  what  he  wants." — Lancet. 
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MINOR    SURGERY 


By     LEONARD     A.     BIDWELL,     F.R.C.S., 

Senior   Surgeon   to   the  West  London  Hospital, 

Dean  of  the  Post-Graduate   College,  Consulting 

Surgeon  to  the  Blackheath  and  Charlton  Hospital 

and    to    the    City    Dispensary,    and   Author   of 

"Handbook    of    Intestinal    Surgery."      Second 

Edition,     revised     and     enlarged.       With     129 

illustrations.   Price,  ioj.  6^.  net.   Postage  6^.  extra. 

".  .  .  .  The  second  edition  has  been  greatly  enlarged  and 
discreetly  revised.  .  .  .  We  may  say  at  once  that  it  is  greatly 
improved.  It  is  larger,  but  lighter,  and  its  scope  is  wider. 
.  .  .  The  practitioner  will  find  much  pleasure  in  reading  this 
book,  and  he  will  profit  the  more  he  studies  it,  for  in  it  he 
will  find  guidance  in  the  use  of  old  methods,  and  many 
suggestions  for  efficient  employment  of  the  ntyr."— British 
Medical  Journal. 


THE   DISEASES   OF   THE   SKIN 

By  WILLMOTT  EVANS,  M.D.,  B.S.,  B.Sc, 
F.R.C.S.,  Surgeon  to  the  Royal  Free  Hospital, 
and  Surgeon  to  the  Skin  Department,  Royal  Free 
Hospital  ;  Senior  Surgeon  to  the  Hospital  for 
Diseases  of  the  Skin,  Blackfriars.  With  32 
illustrations.     Price,  io.r.  6d,  net. 

"  Although  he  has  written  a  comparatively  short  book,  he  has 
produced  a  very  complete  treatise,  for  practically  every  patho- 
logical condition  of  the  skin  receives  its  meed  of  attention  .  .  . 
"The  illustrations,  which  are  almost  all  original,  are  suitable, 
good,  and  well  produced  .  .  ." — British  Medical  Journal. 
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LONDON  MEDICAL  PUBLICATIONS 
DISEASES   OF  THE   EYES 

By  C.  DEVEREUX    MARSHALL,   F.R.C.S., 

Surgeon     to    the    Royal    London     (Moorfields) 

Ophthalmic   Hospital,  and    Ophthalmic    Surgeon 

to  the  Victoria   Hospital   for    Children,  Chelsea. 

Fully  illustrated.     Price,  los.  6d.  net. 

"  Cannot  fail  to  be  a  boon  to  every  student  and  general 
practitioner  into  whose  hands  it  falls.  There  are  so  many 
excellent  manuals  on  ophthalmology  written  in  the  English 
language  that  it  seemed  as  though  there  could  be  no  place  for 
another,  and  yet,  now  that  we  have  this  book  in  our  hands,  we 
feel  that  it  has  given  the  student  exactly  what  he  requires.  .  .  . 
Judging  the  book  by  the  standard  necessar}'-  for  the  student  and 
the  general  practitioner  we  can  give  it  the  highest  praise  and 
can  confidently  recommend  it." — British  Medical  Journal. 

APPLIED  PATHOLOGY.  Being  a 
Guide  to  the  Application  of  Modern  Patho- 
logical Methods  to  Diagnosis  and  Treatment 

By  JULIUS  M.  BURNFORD,  M.B.  (Lond.), 
D.P.H.  (Camb.),  M.R.C.P.;  Assistant  Physician 
(late  Pathologist)  to  the  West  London  Hospital  ; 
Lecturer  in  Clinical  Pathology  to  the  Post- 
Graduate  College  ;  Physician  to  the  Putney 
Hospital  and  to  the  Royal  Ear  Hospital ;  Lecturer 
in  Bacteriology  to  the  Westminster  Hospital 
Medical  School,  etc.  Illustrated  with  five  coloured 
plates  and  46  drawings.     Price,  loj.  dd.  net. 

"  The  whole  tone  of  the  book  is  practical,  and  as  a  summary 
of  up-to-date  knowledge  in  this  branch  is  thoroughly  trust- 
worthy."— Lancet. 

"The  book  is  one  which  may  be  strongly  commended  as  a 
guide  to  the  newer  applications  of  pathological  methods  to 
the  elucidation  of  clinical  problems." — British  Medical  Journal. 
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ANAESTHESIA   AND   ANALGESIA 

By  J.  D.  MORTIMER,  M.B.  (Lond.),  F.R.C.S. 
(Eng.) ;  Anaesthetist,  Royal  Waterloo  Hospital  ; 
Throat  Hospital,  Golden  Square  ;  St.  Peter's 
Hospital  for  Stone,  etc.  ;  Instructor,  Medical 
Graduates'  College.  Super  Royal  i6mo.  Illus- 
trated.    Price,  6s.  net. 

"  Mr.  Mortimer's  description  of  the  various  methods  of  adminis- 
tration are  admirably  clear  and  practical.  .  .  .  The  book  has, 
we  think,  very  well  accomplished  what  its  author  set  himself  to 
achieve." — Lancet. 


THE   PRINCIPLES  AND   PRACTICE 
OF  MEDICAL  HYDROLOGY,     Being 

the  Science  of  Treatment  by  Waters  and 
Baths 

^y  R.  FORTESCUE  FOX,  M.D.  (Lond.), 
F.R.Met.Soc,  late  Hyde  Lecturer  on  Hydro- 
logy, Royal  Society  of  Medicine.     Price,  ds.  net. 

"  The  whole  science  of  treatment  by  waters  and  baths  is  dealt 
with  in  a  thoroughly  scientific  spirit.  .  .  .  Dr.  Fox's  book  is 
comprehensive.  .  .  .  The  whole  book  may  be  commended  as  a 
most  useful  and  trustworthy  guide  to  the  use  of  baths  and 
waters,  and  it  may  be  especially  directed  to  the  notice  of 
medical  men  in  charge  of  spa  establishments."— 5f77/j>^i^<?^/Va/ 
Journal. 
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LONDON  MEDICAL  PUBLICATIONS 


THE  UNIVERSITY  OF  LONDON  PRESS  has  been 
founded  in  close  relationship  with  the  University  of 
London  with  a  view  to  its  doing  for  London,  what  has  been 
done  for  the  Universities  of  Oxford  and  Cambridge  by  their 
respective  Presses. 

London  teaching  has  in  the  past  exerted  a  profound  in- 
fluence on  medical  thought  and  practice,  and  in  presenting 
the  series  of  London  Medical  Publications  to  the  Profession, 
the  Directors  of  the  Press  think  it  well  to  state  the  principles 
by  which  they  have  been  guided  and  the  general  aim  of  the 
works  in  question. 

The  writers  have  been  exclusively  selected  from  among 
those  who  are  London  teachers,  graduates  or  physicians  or 
surgeons  to  hospitals,  general  or  special,  within  the  statu- 
tory London  area  of  the  University.  Each  writer  has 
special  knowledge  and  experience  in  the  subject  on  which 
he  writes. 

The  books  are  intended  to  be  essentially  practical 
manuals  for  Practitioners,  of  sufficient  length  to  omit  no 
important^  feature,  but  as  concise  as  is  consistent  with 
lucidity. 

They  are  freely  illustrated,  many  drawings  and  photo- 
graphs having  been  made  specially  for  the  purpose. 
Elaborate  discussions  of  unproved  theories  and  conflicting 
views  have  been  carefully  avoided,  the  authors  in  each  case 
giving  the  result  of  their  own  experience  and  an  account  of 
the  treatment  they  themselves  adopt. 

It  is  hoped  by  these  means  to  present  a  fair  view  of  the 
present  London  Medical  thought  and  practice,  and  to  pro- 
vide practitioners  with  a  series  of  works,  giving  reliable  and 
easily  accessible  information  in  the  various  departments  of 
Medicine  and   Surgery. 
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